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.^^1^7^ ^x^^ i^ fuini-Difcourfe a- 
^<l4^ll^t^ i^^/.//- Light • was 
^Sft^ written at the Be- 
■mM fire of fame Gen- 
tlemen of the Royai-Society^^ in 
the Tear idy-^, andthenfentto 
their Secretary^ and read at their 
Meetims, and the ^ reft "mas add- 



ed about t'wehe Tears after to 
complete the Theory ; .. except the 
third Book,, and the lafl Propo- 
fit ion of the Second, n^jJiich "were 
fince put together out of feat- 
terd Papers, . To .a'uoid be- 
ing^ engaged in Difputes about 

z thefe 



Advertifemcnt. 

tbefe Matters J I have hitherto de- 
layed the printing, and Jhould 
ftill han)e delayed it, had not the 
Importunity of Friends prevailed 
upon me. If any other Papers 
writ on this StibjeB are got out 
of my Hands they are imperfeB^ 
and were perhaps written before 
I had tried all the Experiments 
here fet down, and fully Satisfi- 
ed my fe If about the Laws of Re- 
fratlwns and Compofition of Co- 
lours, I have here publiful what 
I think proper to eome abroad, 
wiping that it may not be tran- 
flated into another Language 
without my Confent. 

The Crowns of Colours, whieh 
fometimes appear about the Sun 
and Moon, I have endeavoured 
to give an Account of\ but for 

want 
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n))ant of Sufficient Obfewations 
leave that Matter to be farther 
examined. The SubjeB of the 
Third Book I have alfo left im- 
perfeB, not having tried all the 
Experiments vohich I intended 
v)hen Ivoas about the fe Matters, 
nor repeated fome ofthofe vjhich 
I did try, until I had fatisfied 
my felf about all their Circum- 
fiances. To communicate vohat 
I have tried, and leave the reft 
to others for farther Enquiry, 
is all my ^Defign in publijhing 
thefe Papers. 

InaLettervorittento Mr.heib- 
nitz in the Tear 1 6^c)^ and pub- 
lijhed by Dr. Wallis, I -mention d 
a Method by vohich I had found 
fome general Theorems ^ about 
fquaring Curvilinear Figures, 



or 
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'or comparing them mth the Co- 
nic Setiions^ or other the fimplefl 
Figures mth ""cohich they may he 
compared. And fome Tears ago 
I lent out a Manuscript contain- 
ing fuch Theorems, and having 
fmce met mth fome Things copi- 
ed out of it, I have oh this Occa- 
fion made it pub lick, prefixing to 
it ^^z/Iiitrodtidion, and fuh join- 
ing a Scholiuiii concerning that 
Method, And Ihave joinedmth 
it another fmall Traci concern- 
ing the Curvilinear Figures of 
the Second Kind, Tohich was alfo 
ivritten many Tears ago, and 
made kno'wn to fome Friends, 
'who-havejolicited the making it 
puhlicL 



April I. 

1704. 



Aavertifement II. 







fM ^ ^^""^ Second Edition 
^|f| (^fthefeOpticksIhaw 
'fM^ omitted the Mathema- 
^^^ tical TraBs publipd 
at the End of the former ^ 'Edi- 
tion, as not beloinjng to the 
SiibjeB. And at thf End of 
the Third Book I have added 
fome Qiieflions, And to fiew 
that I do not take Gravity for 
an e[)huiai Property of Bodies, 
I have added one fhieflion con- 
cerning its Caufe, chufing to 
propofe it by vjay of a Quefli- 
on, becaufe I am not yet fatif 
fied about it for v^ant of Expe^ 
riments. 
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Advertisement to this 
Fourth Edition. • 

HIS new Edition of 
Sir Ifaac NewtonV 
Opticks is carefully 
printed from the Third 
Edition J as it "was correBed by 
the Authors oivn Handy and 
left before his Death with the 
Bookfeller, Since Sir IfaacV 
Lediones Optica, which he 
public kly read in the Univerfity 
of Cambridge in the Tears, 
i66^y i6yOy and 16^71, are 
lately printed, it has been thought 
proper to make at the bottom of 
ihe Pages f enteral Citations from 
thence y where may he found the 
Demonftrations, which the Au- 
thor omitted in thefe Opticks. 
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Y Defign in this Book is not to ex-« 
plain the Properties of Light by Hy- 
pothefes, but to propofe and prove 
them l3y Reafon and Experiments : 
In order to which I fhall premife the 



following Definitions and AxiomSo 
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D E F I N I r I N S, 

D E F I N. I. 

T the Rays of Light I under/land its leaji 
Parts^ and thofe as well Sticcejji've in the 
fame Lines^ as Contemporary in feveral Lines. 
For it is manifeft that Light conlifls of Parts, 
both Succeilive ajid Contemporary ; becaufe in 
the fame place you may flop that which comes 
one moment, and let pafs that which comes pre- 
fently after -, and in the fame time you may 
ftop it in any one place, and let it pais in any 
other. For that part of Light which is ftopp'd 
cannot be the fame With ' that which is let pafs. 
The leafl Light or part of Light, which may 
be ftopp'd alone without the reft of the Light, 
or propagated alone, or do or fuffer any thing 
alone, which the reft of the Light doth not or 
fuifers not, I call a Ray of Light. 

D E F I N. n. 

KefrangihUity of the Rays of Lights is their 
Dfpoftion to be refraBed or turned out of their 
Way in puffing out of one tranfparent Body or 
Medium into another. And a greater or lefs Re- 
frangihility of Rays, is their Difpoftion to be 
turned ?nore or lefs out of their Way in like In- 
cidences on the fame Medium. Mathematicians 
ufualiy confider the Rays of Light to be Lines 
reaching from the luminous Body to the Body 
illuminated, and the refraftion of thofe Rays to 
be the bending or breaking of thofe lines in 

■"thek" 
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their pailing out of one Medium into another. 
And thus may Rays and Refractions be conli- 
dered, if Light be propagated in an inftant. 
But by an Argument taken from the iEqua- 
tions of the times of the Eclipfes of "Jupiter^ 
Batdtites^ it feems that Light is propagated in 
time, fpending in its palTage from the Sun to us 
about feven Minutes of time: And therefore I 
have choferi to defiile 'Rays and Refraiftions in 
fuch general terms as may agree to Light in both 
cafes. 

D E F I N. IIL 

Refexihility of Rays, is their Dijfofition to he 
rejleBed or turned back into the fame Medium from 
any other Medium upon whoje Surface they falL 
jind Rays are more or lefs reflextble, which are 
turned hack more or lefs eafily. As if Light pafs 
out of a Glafs into Air, and by being inclined 
more and more to the common Surface of the 
Glafs and Air, begins at l^gth to be totally re- 
iieded by that Surface 5 thofe forts of Rays 
which at like Incidences are refledted moft co- 
piouily, or by inclining the Rays begin foonefb 
to be totally refieded, are moft refiexible. 

D E F in: IV. • • . 

l^he Angle of Incidence is thai Angle , which 
the Line defer ibed by the i?2oi dent Ray contains mith _ 
thePerpe?idicularto the refeBing or refradiing Sur" 
faa at the Foi?it of Incidence, 
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D E F I N. V. 

I'he Angle of Reflexion or RefraBion^ is the 
'Angle which the line defer ibed by the refleBed or re-, 
fraBed Ray containeth with the Perpendicular to 
the refleBing or refraBing Surface at the Point of 

Incidence, ' 

D E F I N. VI. 

'The Sines of Incidence, Rffexion, and Refra- 
Bion^ are the Sines of the Angles of Incidence, Re^ 

flexion, and RefraBion. 

D E F I N. VII. 

The Light whofe Rays are all alike Refran- 
gible, I call Simple, Homogeneal and Similar -, 
and that whofe Rays are fome more Refrangible 
than others, I call Compound, Heterogeneal and 
Dijflmilar. The former Light I call Homoge- 
neal, not becaufe I would affirm it fo in all re- 
fpeds, but becaufe the Rays which agree in Re- 
frangibility, agree at leaft in all thofe their other 
Properties which I confider in the following 
Difcourfe. 

D E F I N. VIII. 

The Colours of Ho?nogeneal Lights, I call Pri- 
?na?y, Homogeneal and Simple j and thofe of He- 
terogeneal Lights, Heterogeneal and Compound. For 
thefe are always compounded of the colours of 
Homogeneal Lights j as will appear in the fol- 
lowing DifcOurfe. 

.AXIOMS. 
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AXIOMS. ' 

AX. I. 

npHE A?2gles of Refexion and RefraBion, h'e 
in one and ih'efame Plane with the Angle of In- 
cidence, • ' 

AX. 11. 

'fhe Angle of Refexion is equal to the Angle of 
Incidence. 

A X'. III. 

If the refraBed "Ray be returned direBly back to 
the Point of Incidence^ itjhall be refraBed into the 
Lijte before defcribed by the incident Ray, 

A X. IV. 

RefraBion out of the rarer Medium into the 
denfer^ is made towards the- Perpendicular ; that 
is^ fo that the A?igle of RefraBion be lefs than the 
Angle of Incidence, 

A X. V. " •. . * : 

The Sine of Incidence is either accurately or 
^ery nearly in a gpven Ratio to the Sine of Re- 
fraBion. 

Whence if that Proportion be known in any 
one Inclination of the incident Ray; 'tis known 
in all the Inclinations, and thereby the Refra- 
d:ion in all cafes of Incidence on the fame refra- 
<^ing Body may be determined. Thus if the 

B 3 ' Refra-- 
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Refradion be made out of Air into Water, the 
Sine of Incidence of the red Light is to the Sine 
of its Pvefradion as 4 to 3 . If out of Air into Glafs, 
the Sines are as 17 to 11. In- Light of other 
Colours the Sines have other Proportions : but 
the difference is fo little that it need feldom be 
coniidered. 

Suppofe therefore, that R S [ in Fig. i. ] repre- 
fents the Surface of flagnating Water, and that C 
is the point of Incidence in vv'hich any Ray coming 
in the Air from A in the Line A C is refieded or 
refraded, and I would know whither this Ray 
fhall go after Reflexion or Refradion: I ered 
upon the Surface of the Water from the point 
of Incidence the Perpendicular C P and produce 
it downwards to Q^, and conclude by the firft 
Axiom, that the Ray after Reflexion and Re- 
fradion, fnall be found fomewhere in the Plane 

of the An2;le of Incidence ACP produced. I let 

- . o i . 

fall therefore upon the Perpendicular C P the 
Si-ne of Incidence A D i and if the refleded 
Ray be defired, I produce AD to B fo that 
DB be equal to A D, and draw C B. For this 
Line C B fhall be the refleded Ray ; the Angle 
of Reflexion B C P and its Sine B D being c- 
qual to the Angle aiid Sine of Incidence, as they 
ought to be by the fecond Axiom, But if the 
refraded Ray be defired, I produce A D to H, 
fo that D H may be to i\ D as the Sine of Re- 
fradion to tiie Sine of Incidence, that is, (if the 
Light be red) a6 ^ to 4; and about the Center 
C and in the Plane ACP with the Radius CA 
defcribing a Circle ABE, I draw a parallel to the 
Perpendicular CPQ^, the LiiK PI E cutting the 

Circum- 
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Circumference in E, and joining C E, this Line 
CE iliall be the Line of the refraded Ray. 
For if E F be let fill perpendicularly on the 
Line P Q^ this Line E F fhall be the Sine of Re- 
fraction of -the Ray CE, the Aiigle of Refraiaiou 
being EC Q^. and this Sine E F is equal to D H, 
and confequently in Proportion to tlie Sine of 
Incidence A D. as 3 to 4. 

In like'manner, if there be a Prifm of Glafs 
(that is, a Glafs bounded with two Equal and 
Parallel Triangular ends, and three plain and 
well polifhed Sides, which meet iq three Parallel 
Lines running from the three Angles of one 
end to the three Angles of the other end) and 
if the Refradion of the Light in pafTing crofs this . 
Prifm bedefn-ed: Let ACB [in i^%.2.] reprefent 
a Plane ciitting this Prifm tranfverily to its three 
Parallel lines or edges there where the Light 
palTeth through it, and let D E be the Ray in- 
cident upon the firfl fide of the Prifm A C where 
the Light goes into the Glafs ; and by putting 
the Proportion of the Sine of Incidence to the 
Sine of Refraaion as 17 to 11 find EFtheiii^ 
refraded Ray. Then taking this Ray for the 
Incident Ray upon the fecond fide of the Glafs 
BC where the Light goes out, find the next 
refraded Ray EG by putting the Proportion 
of the Sine of Incidence to the Siiie of Re- 
fradion as 11 to 17. For if the Sine of Inci-A 
dence out of Air into Glafs be to the Sine of 
Refradion as 17 to 11, the Sine of Incidence out 
of Glafs into Air mult on the contrary be to the 
Sine of Refradion as u to ly^ by the third- 
Axiom, 

B 4 Mucl\ 
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Much after the fame manner, if A C B D [in 
i%. 3.] reprefent a Giafs fpherically convex on 
l^oth fides (lifiially called 2. Lens ^ fuch as isaBurn- 
ing-glafs, or Spe61:acle-glafs, or an Objedt-glafs of 
a Telefcope) and it be required to 'know how 

. Light falling upon, it from any lucid point Q^ 
fh'all be refrad:ed, let Q^M reprefent a Ray 
falling upon any point M of its firft fpherical 
Surface A C B, and by ered:ing a Perpendicular 
to the Glafs at .' the point M, find the firft re- 
fraded Ray M N by the Proportion of ' the 

. Sines 17 to 11.. Let that Ray in going out of 
the Glafs be incident upon N, and then find 
the fecond refraded Ray A^^ by the Propor- 

• tion of the Sines 1 1 to 17. And after the fame 
manner may the Refradion be found when the 
Lens is convex oh one fide and plane or con- 
cave on the other, or concave on both fides. 

A X. VI. 

Jiomogeneal Rays which flord^ from, f enteral Foints 
of any Objedf^ and fall perpendicularly or almoft 
perpendicularly on any refiediing or refraBing Plane 
or fpherical Surface^ Jhall afterwards diverge 
from fo many other Points^ or be parallel to fo 
many other Lines^ or converge to fo many other 
Points^ either accurately or without any fenfble 
Error. And the fame thing will happen, if the 
Mays be refleSied or refraBed fuccejively by twa 
or three or tnore Plane or Spherical Surfaces. 

The Point from which Rays diverge or to 
which they converge may be called their Focus, 
And the Focus of the incident Rays being gi^ 
ven^ that of the refxcded gr refraded ones may 

. be 
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be found by finding the Refraction of any two 
Rays, as above ; or more readily thus. 

Caf. I. Let ACB [in Fig. 4.] be a reflecting or 
refradling Plane, and Q^he Focus of the incident 
Rays, and Q 5- C a Perpendicular to that Plane.- 
And if this Perpendicular be produced to q, 
fo that q C be equal to Q^, the Point q fhall 
be the Focus of the refle<5te;d Rays : Or if q C 
be taken on the fame fide of the Plane with 
Q^,' and in proportion to Q^ as the Sine of 
Incidence to the Sine of Refraction, the Point q 
fliall be the Focus of the refraCted Rays. 

Caf. 2. Let ACB [in Fig. 5.] be the refleding 
Surface of any Sphere whofe Centre is E, Bi- 
fedt any Radius thereof, ( fuppofe EC) in T, 
and if in that Radius on the fame fide the Point 
T you take the Points Q^nd ^, fo that T Q^ 
T E, and T q^ be continual Proportionals, and 
the Point CiJ)e the Focus of the incident Rays, 
the Point q fhall be the Focus of the reflected 
ones. 

Caf. 3. Let ACB [in Fig. 6.] be the refraCting 
Surface of any Sphere whofe Centre is E. In 
any Radius thereof E C produced both ways 
take E T and C t equal to one another and fe- 
verally in fuch Proportion to that Radius as 
the lefler of the Sines of Incidence and Re- 
fraction hath to the difference of thofe Sines, 
And then if in the fame Line you find any two 
Points Q^nd ^, fo that T Q^e to E T as E ^ 
to / ^, taking t q the contrary way from t which 
T QJjeth from T, and if the Point QJ>e the 
Focus of any incident Rays, the Point q fhall be 
the Focus of the refraCted ones, 

2 And 



lo O P T I C K S. 

And by the fame means the Focus of the Rays 
after two or more Reflexions or Refradions may 
be found. 

Caf.A^. Let ACBD [in Fig, 7,] be any refrad:- 
■ing Lens , fpherically Convex or Concave or 
Plane on either fide, and let C D be its Axis 
( that is, the Line which cuts both its Surfaces 
perpendicularly, and pafles through the Centres 
of the Spheres,) and in this Axis produced let 
F andybe theFoci of the refraded Rays found as 
above, when the incident Rays on both fides the 
Lens are parallel to the fame Axis -, and upon the 
Diameter F /' bifeded in E, defcfibe a Circle. 
Suppofe now that any Point QJ>e the Focus of 
any incident Rays. Draw QJ^ cutting the faid 
Circle in T and /, and therein take t q in fuch 
proportion to / E as ^ E or T E hath to T Q^ 
Let t q\iQ the contrary way from / which T Q 
doth from T, and q fliall be the Focus of the 
refraded Rays without any fenfible Error, pro- 
vided the Point Q^be not fo remote from the 
Axis, nor the Lens fo broad as to make any of 
the Rays fall too obliquely on the refracting 
Surfaces. * 

And by the like Operations may the refleding 
or refrading Surfaces be found when the two 
Foci are given, and thereby a Lens be formed, 
w^hicli fiiall make the Rays flow towards or 
from what Place you pleafe. -j- 

* Jn ^m P,m\or's Le£l tones option. Parti. Sdft. IV. Prop. 29, 
30, there is an ele.^ant Method of determining thefe Foci ; not only 
in fpherica! Surfaces, but likewife in any other curved Figure what- 
evur : And in Prop. 32, 33, the fame thing is done for any Ray ly- 
ing out of the Axis. 

' \^^ f Ibid. Prop, 3^4. 
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So then the Meaning of this Axiom is, that 
■ if Rays fall upon any Plane or Spherical Surface 
or Lens, and before their • Incidenge flow from 
or towards any Point Q^ they fhall after Re- 
flexion or Refradion flow from or towards the 
Point q found by the foregoing Rules. And if 
the incident Rays flow from or towards feveral 
points Q^ the refleded or refraded Rays fhall 
flow from or towards fo many other Points a 
found by the fame Rules. Whether the refled- 
ed and refracSled Rays flow from or towards the 
Point q is eafily known by the fltuation of that 
Point. For if that Point be on the fame fide 
of the refleaing or refradiing Surface or Lens 
with the Point Q^ and the incident Rays flow 
from the Point Q^ the refledied flow towards 
the Point q and the refraded from it j and if the 
incident Rays flow towards Q, the refieded 
flow from q^ and the refraded towards it. And 
the contrary happens when q is on the other 
fide of the Surface. 

A X. vn. 

Wherever the Rays which come from all the 
Points of any ObjeSi meet again in fo ^many 
Points after they have been made to converge by 
RefeBion or RefraBio?i,, there they will make a Pi- 
Bare of the ObjeB upon any white Body on which 
they fall, 

, So if PR [in Fig. 3 .] reprefent any Object with- 
out Doors, and AB be a Lens placed at a hole 
in the Window-fliut of a dark Chamber, where- 
t)y the Rays that come from any Point Q^ of 
^ that ■ 
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that Objed are made to converge and meet a- 
gain in the Point q\ and if a Sheet of white Pa- 
per be held at q for the Light there to fall up- 
on it, the Picture of that Objed: P R will ap- 
pear upon the Paper in its proper {hape and Co- 
lours. For as the Light which comes from the 
Point Q^goes to the Point q^ fo the Light which 
comes from other Points P and R of the Objed, 
will go to fo many other correfpondent Points 
p and r ( as is manifell by the fixth Axiom 5 ) fo 
that every Point of the Objed fhall illuminate a 
correfpondent Point of the Picture, and there- 
by make a Pidure like the Objed: in Shape and 
Colour, this only excepted, that the Pidure fhall 
be inverted. And this is th'e Reafon of that vul- 
gar Experiment of carting the Species of Objeds 
from abroad upon a Wall or Sheet of white Pa- 
per in a dark Room. 

In like manner, when a Man views any Objed 
P QJg:, [in Fig. 8.] the Light which comes from 
the feveral Points of the Objed is fo refraded 
by the tranfparent fkins and humours of the 
Eye, (that is, by the outward coat E F G, called 
the Tunica Cornea^ and by the cryflalline hu- 
mour. A B which is beyond the Pupil mk) zs to 
converge and meet again in fo many Points in 
the bottom of the Eye, and there to paint the 
Pidure of the Objed upon that Ikin (called the 
'Tunica Retina ) with which the bottom of the 
Eye is covered. For Anatomifts, when they have 
taken off from the bottom of the Eye that out- 
ward and moft thick Coat called the Dura Ma- 
ter^- can then fee through the thinner Coats, 
the Pidures of Objeds lively painted there- 
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on. And thefe Pictures, propagated by Mo;« 
tion along the Fibres of the Optick Nerves in-^ 
to the Brain, are . the' caufe of Vifion. For ac- 
cordingly as thefe Pid:ures are perfect or im- 
perfed:, the 0|]»jecil is feen perfedily or.imperfed:^ 
ly. If the Eye be tinged with any colour (as in 
the Difeafe of the yaimdice) fo as to tinge the 
Pidures in the bottom of the Eye with that 
Colour, then all Objedis appear tinged with the 
fame Colour. If the Humours. of the Eye by 
old Age decay, fo as by fhrinking to make the 
Cornea and Coat of the Cryfialline Hufuour grow 
flatter than before, the Light will not be re- 
frafted enough, and for want of a fufficient Re- 
fradion will not converge to the bottom of the 
Eye but to fome place beyond it, and by con- 
fequence paint in the bottom of the Eye a con- 
fufed Picture, and according to the ' Indiftind:- 
nefs of this Picture the Objed: will appear con- 
fufed. This is the reafon of the decay of fight 
in old Men, and fliews why their Sight is mend- • 
ed by Spe6tacles. For thofe Convex glaifes fup- 
ply the defed: of plumpnefs in the Eye, and by 
increaling the Refrad:ion make the Rays con- 
verge fooner, fo as to convene diflindily at the 
bottom of the Eye if the Glafs have a due de- 
gree of convexity. And the contrary happens ■ 
in fliort-lighted Men whofe Eyes are too plump. 
For the Refrad:ion being now too great, the 
Rays converge and convene in the Eyes before 
they come at the bottom; and therefore the 
Pidiure made in the bottom and theVifion 
caufed thereby will not be diftind:, unlefs the 
Objed; be brought fo near the Eye as that the . 

place 
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place where the converging Rays convene miy 
be removed to the bottom, . or that the plump- 
nefs of the Eye be taken off and the Refradir 
ons diminiihed by a Concave-glafs of a due de- 
gree of Concavity, or'laftly .that by Age the 
Eye grow flatter till it come to a due Figure: 
For jfhort-fighted Men fee remote Objeds bell 
in Old Age, and therefore they are accounted to 
have the mofl lafting Eyes. 

AX. viir. 

j^n ObjeB feen by Kefexioji or KefraBion^ ap- 
pears in that f lace from whence the Rays after their 
laji Reflexion or RefraBion diverge in falling on the 

SpeBators Eye. 

If the Cbjecl A [in Fig'()^ be feen by Reflexion 
of a Lookihg-glafs ?n n, it fball appear, not in its 
proper place A, but behind the Glafs at a^ from 
whence any Rays AB, AC, AD, which flow from 
one and the fame Point of the Obje6l, do after 
their Reflexion made in the Points B, C, D, di- 
verge in going from the Glafs to E, F, 'C, 
where they are incident on the Spectator's Eyes. 
For thefe Rays do make the fame Pidure in the 
bottom of the Eyes as if they had come from 
the Object really placed at a without the Inter- 
pofition of tlie Looking-glafsj and all Vilion is 
made according to the place and fhape of that 
Pidure. 

In like manner the Objed D [in Fig. 2.] ^ttn 
through a Prifm, appears not in its proper place 
D, but is thence tranflated to fome other place 
ifituated in the' laft refraded Ray FG drawn 
backward from F to </. .And 
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And (o theObjed: Q^[ in Fig. loj feen through 
the Lens A B, appears at the place g from whence 
the Rays diverge in paffing from the Lens to the 
Eye. Now it is to be noted, that the Image of 
the Objed; at g is fo much bigger or leiTer than 
the Objed it felf at Q^, as the diftance of the 
Image at g from the Lens A B is bigger or lefs 
than the diftance of the Objed at Q^rom th'e 
fame Lens. And if the Objed: be feen through 
two or more fuch Convex or Concave-glaffes, 
every Glafs fhall make a new Image, and the 
Objed fliall appear in the place of the big- 
nef^ of the laft Image. Which confideration un-- 
folds the Theory of Microfcopes and Telefcopes. 
For that Theory confifts in almoft nothing elfe 
than the defcribing fuch Glaifes as jQiall make the 
laft Image of any Objed as diftind: and large and 
luminous as it can conveniently be made. 

I have now given in Axioms and their Ex- 
plications the film of what hath hitherto, been 
treated of in Opticks. For what hath been ge- 
nerally agreed on I content my felf to affume 
under the notion of Principles, in order to what 
I have farther to write. And this may fuffice 
for an Introdudion to Readers of quick Wit 
and good Underftariding not yet verfed in Op- 
ticks: Although thofe who are already acquaint- 
ed with this Science, and have handled Glalles, 
will more readily apprehend what followeth. 
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PROPOSITIONS. 

P ROP.l T H E O R. I. 

T IGHTS which differ in Colour, differ alfo in 
Degrees of Refrangibility, 

The Proof by Experiments. 

Exper. I. I took a black oblong ftiff Paj)er 
terminated by Parallel Sides, and with a Per- 
pendicular right Line drawn crofs from' one 
Side to the other, diftinguiilied it into two e- 
qual Parts. One of thefe parts I painted with 
a red colour and the other with a blue. The 
Paper was very black, and the Colours intenfe 
and thickly laid on, that the Ph^enomenon 
might be more confpicuous. This Paper I 
view'd through a Prifm of folid Glafs, whoie 
two Sides through which the Light pafTed to the 
Eye were plane and well polifhed, aiid contained 
an Angle of about fixty degrees -, which Angle 
I' call the refradiing Angle of the Prifm. And 
whilft I view'd it, I held it and .the Prifm before 
a Window in fuch manner that the Sides of the 
Paper were parallel to the Prifm, and both thofe 
Sides and the Prifm were parallel to the Horizon, 
and the crofs Line was alfo parallel to it : and 
that the Light which fell from the Window upon 
the Paper made an Angle with' the Paper, equal 
to that Angle which was made v/ith the fame 

Paper 
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Paper by the Light refledted from it to the Eye. 
Beyond the Prifm was the Wall of the Chamber 
under the Window covered over with black 
Cloth, and the Cloth was involved in Darknefs 
that no Light might be refleded from thence, 
which in pafling by the Edges of the Paper to 
the Eye, might mingle itfelf with the Light of 
. the Paper, and obfcure the Phaenomenon there-, 
of. Thefe things being thus ordered, I found 
that if the refra<5ting Angle of the Prifm be 
turned upwards, fo that the Paper may feem to 
be lifted upwards by the Refrad:ion, its blue 
half will be lifted higher by the Refradion than 
its red half. But i'f the refradiing Angle of the 
Prifm be turned downward, fo that the Paper 
may feem to be carried lower by the Refra- 
<5:ion, its blue half will be carried fomething 
lower thereby than its red half Wherefore in 
both Cafes the Light which comes from the 
blue half of the Paper through the Prifm to 
the Eye, does in like Circumflances fuifer a 
greater Refradion than the Light which comes 
from the red half, and by confequence is more 
Tefrangible. 

Illujiration, In the eleventh Figure, M N 
rcprefents the Window, and D E the Paper 
terminated vnth parallel Sides D J and HE, 
and by the tranfverfe Line F G diftinguilhed 
into two halfs, the one D G of an intcnfely 
blue Colour, the other F E of an intenfely 
red. And '^h.Qcab reprefents the Prifm 
whofe refrading Planes A B b a and KC c a 
*ieet in the Edge* of the refrading .Angle A a. 
This Edge A a being upward, is parallel both to • 
■. ' ■ C the 



i8 OPT I C K S. 

the Horizon, and to the Parallel-Edges of t|ie 
Paper DJ and HE, and the tranfverfe Line F0 
is perpendicular to the Plane of the Window. 
And de, reprefents the Image of the Paper itttt 
by Refradion upwards in fuch manner, that the 
blue half DG is carried higher to dg than the 
red half FE is to fe, and therefore fufFers a 
greater Refradion. If the Edge of the refracting 
Angle be turned downward, the Image of the 
Paper will be refracted downward ; fuppofe to 
^ g, and the blue half will be refraded lower to 
^ y^ than the red half is to (pe- 

Exper. 2: About the aforeiaid Paper, whofe 
two halfs were painted over with red and blue, 
and v/hich was ftiiflike thin Pafteboard, I lapped 
feveral times a HenderThred of very black Silk^ 
in fuch manner that the feveral parts of the 
Thred might appear upon the Colours like fo 
many black Lines drawn over them, or like 
long and flender dark Shadows caft upon them. 
I might have drawn black Lines with a Pen, 
but the Threds were fmaller and better defined. 
This Paper thus coloured and lined I fet againft 
a, Wall perpendicularly to the Horizon, fo that 
one of the Colours might ftand to the Right 
Hand, and the other to the Left. Clofe before 
the Paper, at the Confine of the Colours below, 
I placed a Candle to illuminate the Paper ftrong- 
ly : For the Experiment was tried in the Night. 
The Flame of the Candle reached up to the 
lower edge of the P-aper, or a very little higher. 
Then at the diftance of fix Feet, and one or two 
Inches from the Paper upon the Floor I ereded 
a Glafs Lens four Inches and a q-uarter broad» 

which 
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which might colled the Rays coming from the 
feverai Points of the Paper, and make them con- 
^ verge towards fo many other Points at the fame 
'diflance of fix Feet, and one or two Inches on 
the other fide of the Lens, and £b form the Image 
of the coloured Paper upon a white Paper placed 
there, after the fame manner that a Lens at a 
Hole in a Window cafts the Images of Objects 
abroad upon a Sheet of white Paper in a darjc 
Room. The aforefaid white Paper, ereded per- 
pendicular to the Horizon, and to the Rays 
which fell upon it from the Lens, I moved 
fometimes towards the Lens, fometimes from 
it, to find the Places where the Images of the 
blue and red Parts of the coloured Paper appear- 
ed moil diflind. Thofe Places 1 eafily knew, by 
the Images of the black Lines which I had made 
by winding the Silk about the Paper.. For the 
Images of thofe fine and flender Lines (which 
by reafon of their Blacknefs were like Shadows 
on the Colours) were confufed and fcarce vifi- 
ble, unlefs when the Colours on either fide of 
each Line were terminated mQil diftindly, No- 
ting therefore, as diligently as I could, the 
Pla,ces where the Images of the red and blue 
halfs of the coloured Paper appeared moft • di- 
ftind, I found that where the red half of the 
Paper appeared difiind, the blue half appeared 
-Confufed, fo that the black Lines drawn upon 
it could fcarce be feen 5 and on the contrary, 
where the blue half appeared mofi: diftind, the 
red half appeared confufed, fo that the black 
Lines upon it were fcarce vifible. And between 
the two Places where thefe Images appeared 

C 2 diftind 
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diftind there was the diftance of an Inch and. a 
half', the diftance of the white" Paper from the 
Lens, when the Image of the red half of the co- ^ 
loured Paper appeared moft diftinO:, being greater 
by an Inch and an half than the diftance of the 
fame white Paper from the Lens, when the Image 
of the blue half appeared moft diftind:. ' In 
like Incidences therefore of the blue and red 
upon the Lens, the blue was refra6ted mor^-hy 
the Lens than the red, fo as to converge fooner by 
an Inch and a half, and therefore is more refran- 
gible. 

lUiiJiration. In the twelfth Figure, DE lig- 
nifies the coloured Paper, DG the blue half, 
FE the red half, MN the Lens, HJ the white 
Paper in that Place where the red half with its 
black Lines appeared diftind, and hi the fame 
Paper in that Place where the blue half appeared 
diftind. The Place h i was nearer to the Lens 
M N than the Place H J by an Inch and an 
half 

Scholium. The fame Things fucceed, notwith- 
ftanding that fome of the Circumftances bevar 
ried -, as in the iirfl; Experiment when the Prifm 
and Paper are any ways inclined to the Hori^ 
zon, and in both when coloured Lines are 
drawn upon very black Paper. But in the De- 
fcription of thefe Experiments, I have fetdown 
fuch Circumftances, by which either the Phas- 
nomenon might be render'd more confpicuous, 
Xit 2l Novice might more ealily try them, or by 
which I did try them only. The fame Thing, I 
have often done in the following Experiments : 
^Concerning all whichj this om, Admonition may 

fuffice. 
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fuffice. Now from thefe Experiments it follows 
not, that all the Light of the blue is more refran- 
gible than all the Light of the red : For both 
Lights are mixed of Rays differently refrangible, 
fo that in the red there are fome Rays not lefs re- 
frangible than thofe of the blue, and in the blue 
there are fome Rays not more refrangible than 
thofe of the red : But thefe Rays, in proportion to 
the whole Light, are but few, and ferve to dimi- 
nifh the Event of the Experiment, but are not 
able to deftroy it. For, if the red and blue Co- 
lours were more dilute and weak, the diftance of 
the Images would be lefs than an Inch and a half; 
and if they were more intenfe and full, that di- 
ftance would be greater, as will appear hereafter. 
Thefe Experiments may fuffice for the Colours of 
Natural Bodies. For in the Colours made by the 
Refra6lion of Prifms, this Propofition will ap- 
pear by the Experiments which are now to fol- 
low in the next Propofition. ^ 

PROP, II. Theor. IL 

'T'/be Light of the Sun coiiftfls of Rays 
differently Refrangible, 

The Proof by Experiments. ■ - ' 

Exper.^. TN a very dark Chamber, at a round 
J^ Hole, about one third Part of an 
Inch broad, made in the Shut of a Window, I 
placed aGlafsPrifm, whereby the Beam of the 
Sun's Light, which came in at that Hole, might 
be refraded upwards toward the oppolTte Wail 

C 3 of 
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of the Chamber, and there form a colour'd I- 
mage of the Sun. The Axis of the Prifm ( that 
is, the Line paffing through the middle of the 
Prifm from one end of it to the other end pa- 
rallel to the edge of the Refrading Angle ) was 
in this and the following Experiments perpen- 
dicular to the incident Rays. About this Axis 
I turned the Prifm ilowly, and faw the refract- 
ed Light on the Wall, or coloured Image of 
the Sun, firft to defcend, and then to afcend. 
Between the Defcent and Afcent, when *the I- 
mage feeraed Stationary, I ftopp'd the Prifm, 
and fix'd it in that Pofture, that it fhould be 
moved no more. For in that Pofture the Re- 
fradions of the Light at the two Sides of the 
refracfting Angle, that is, at the Entrance of thie 
Rays into the Prifm, and at their going out of 
it, were equal to one another*. So alfo in oth«r 
Experiments, as often as I would have the Re- 
fractions on both fides the Prifm to be equal to 
one another, I noted the Place where the Image 
of the Sun formed by the refraded Light flood 
ftill between its two contrary Motions, in the 
common Period of its Progrefs and Regrefs ; and 
.when the Image fell upon that Place, I made 
fail the Prifm, And in this Poflure, as the moft 
convenient, it is to be underflood that all the 
Prifms are placed in the following Experiments, 
unlefs where fome other Pofture is defcribed. 
The Prifm therefore being placed in this Po-^ 
llure, I let the refraded Light fall perpendicu- 
larly upon a Sheet of white Paper at the oppo- 
iite Wall of the Chamber, and obferved the Fi- 

* See our AuthorV Lediones Optical, Parti. Si^, i. § lo. 
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gure and Dlmeniions of the Sokr Image form^ 
ed on the Paper by that Light. This Image 
was Oblong and not Oval, but teriiiinated with 
two Redilinear and Parallel Sides, and two Se- 
micircular Ends. On its Sides it was bounded 
pretty diftindly, but on its Ends very confufed- 
ly and indiflindiy, the Light there decaying 
and vanifhing by degrees. The Breadth of this 
Image anfwered to the Sun's Diameter, and was 
about two Inches and the eighth Part of an 
Inch, including the Penumbra. For the Image 
was eighteen Feet and an half diftant Jfrom the 
Prifni, and at*this diftance that Breadth, if di- 
minifhed by the Diameter of the Hole in the 
Window-fhut, that is by a quarter of an Inch^ 
fubtended an Angle at the Prifm of about half 
a Degree, which is the Sun's apparent Diame- 
ter. But the Length of the Image was about ten 
Inches and a quarter, and the Length of the Re- 
dilinear Sides about eight Inches ; and the re- 
frading Angle of the Prifm, whereby fo great a 
Length was made, was 64 degrees. With a lefs 
Angle the Length of the Image was lefs, the 
Breadth remaining the fame. If the Prifm was 
turned about its Axis that way which made the 
Rays emerge more obliquely out of the fecond 
refradting Surface of the Prifm, the Image fooii 
became an Inch or two longer, or more 5 and 
if, the Prifm was turned about the contrary 
way, fo as to make the Rays fall more obliquely 
on the firfl refrading Surface, the Image foon 
became an Inch or two fhorter. And there- 
fore in trying this Experiment, I was as curi- 
ous as I could be in placing the Prilm by the 

C 4 above- 
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above-mentlon'd Rule exadly in fuch a Pofture, 
that the Refradions of the Rays at their Emer- 
gence out of the Prifm might be. equal to that 
at their Incidence on it. This Prifm had fome 
Veins running along within the Glafs from one 
end to the other, which fcattered fome of the 
Sun's Light irregularly, hut had no fenfible Ef- 
fect in increafmg the Length of the coloured 
Spedrum. For I tried the fame Experiment 
with other Prifms with the fame Succefs. And 
particularly with a Prifm which feemed free 
from fuch Veins, and whofe refrading Angle 
was 623 Degrees, I found the 'Length of the 
Image 95 or 10 Inches at the diftance of 183 
Feet from the Prifm, the Breadth of the Hole 
in the Window-fhut being \ of an Inch, as be- 
fore. And becaufe it is eafy to commit a Mi- 
flake in placing the Prifm in its due Pofture, I 
repeated the Experiment four or five Times, 
and always found the Length of the Image that 
which is fet down above. With another Prifm 
of clearer Glafs and better Polifh, which feem- 
ed free from Veins, and whofe refracting Angle 
was 63 1 Degrees, the Length of this Image at; 
the fame diftance of i8i Feet was alfo about 10 
Inches, or -loi Beyond thefe Meafures for a- 
bout a J or i of an Inch at either end of the 
Spedaim the Light, of the Clouds feemed to be a 
little tinged v/ith red and violet, but fo very 
' faintly, that I fufpeded that Tindlure might ei- 
ther wholly, or in great Meafure arife from fome 
Rays of the Spedtrum fcattered irregularly by 
fome Inequalities in the Subftance and Polifh of 
the Glafs^ and therefore I did not include it in 
I thefe. 
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tliefe Meafures. Now the different Magnitude 
of the hole in the Window-jLhut, and different 
thicknels of the Prilm where the Rays paiied 
through it, and different inclinations of the 
Priftn to the Horizon, made no fenfible chan- 
,ges in the length of the Image. Neither did 
the' different matter of the Prifms make any : 
for in a Veffel made of polifhed Plates of Glafs 
cemented together in the fhape of a Prifm and 
filled with Water, there is the like Succefs of 
the Experiment according to the quantity of 
the Refradtion. It is farther to be obferved, 
that the Rays went on in right Lines from the 
Prifm to .the Image, and therefore at their very 
going out of the Prifm had all that Inclina^ 
tion to one another from which the length of 
the Image proceeded, that is, the Inclination of 
more than two degrees and an half. And yet 
according to the Laws of Opticks vulgarly re- 
ceived, they could not poilibly be fo much incli- 
ned to one another ^. For let E G [inF^^. 13.] re- 
prefent theWindow-fhut, F the hole made there- 
in through which a beam of the Sun's Light 
was tranfmitted into the darkned Chamber, and 
ABC a Triangular Imaginary Plane whereby the 
Prifm is feigned to be cut tranfverfly through * 
the middle of the Light. Or if you pleafe, let 
ABC reprefent the Prifm it felf, looking di- 
redly towards the Spectator's Eye with its nearer 
end: And let X Y be the Sun, MN the Pa- 
per upon which the Solar Image or Spectrum is. 
caff, andPT the Image it felf whofe fides to- 
wards 'u and w are Redilinear and Parallel, and 
ends towards P and T Semicircular. YKHP 

and 

* See our Author's tsBiones Optica^ Part. L Se£i. i. §. 5. 
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and X L J T are two Rays, the firft of which 
comes from the lower part of the Sun to the 
higher part of the Image, and is refraded in the 
Prifm at K and H, and the latter comes from 
the higher part of the Sun to the lower part of 
the Image, and is refraded at L and J. Since 
the Refradions on both fides the Prifm are e- 
qual to one another, that is, the Refradion at 
K equal to the Refradiion at J, and the Refra- 
ftion at L equal to the Refradion at H, fo that 
the Refractions of the incident Rays at K and L 
taken together, are equal to the Refradtions of 
the emergent Rays at H and .J taken together: 
it follows by adding equal things to equal things, 
that the Refrad:ions at K and H taken together, 
are equal to the Refradions at J and L taken 
together, and therefore the two Rays being e- 
qually refradied, have the fame Inclination to 
one another after Refradtion which they had 
before; that is, the Inclination of half a Degree 
anfwering tp the Sun's Diameter. For fo great 
was the Inclination of the Rays to one another 
before Refradion. So then, the length of the 
Image P T would by the Rules of Vulgar Op- 
ticks fubtend an Angle of half a Degree at the 
Prifm, and by Confequence be equal to the 
breadth i) w, and therefore the Image would 
be round. Thus it would be were the two 
Rays XL JT and YKHP, and all the reft which 
form the Image P w T -y, alike refrangible. 
.And therefore feeing by Experience it is found 
that the Image is not round, but about five times 
longer than broad, the Rays which going to the 
upper end P of the Image fuffer the greateft Re- 
fraction, 
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fratftion, muft be more refrangible than thofe 
which go to the lower end T, unlefs the Inequa-. 
lity of Refradion be cafual. 

This Image or Spedrum P T was coloured, 
being red at its leaft refradied end T,. and vio- 
let at its moil refraded end P , and yellow 
green and blue in the intermediate Spaces. 
Which agrees with the firft Propofition, . that 
Lights which differ in Colour, do alfo differ ia 
Refrangibility. The length of the Image in the 
foregoing Experiments, I meafured from the 
faintefl and outmofl red at one end,' to the 
faintefl and outmofl blue at the other end, ex- 
cepting only a little Penumbra, whofe breadth 
fcarce exceeded a quarter of an Inch, as wa§ 
faid above. 

Exfer.d^. In the Sun's Beam which was pro^ 
pagated into the Room through the hole in the 
Window-fhut, at the diflance of fome Feet 
from the hole, I held the Prifm in fuch a Po- 
flure, that its. Axis might be perpendicular to 
that Beam. Then I looked through- the Prifm. 
iipon the hole, and turning the Prifm to and 
fro about its Axis, to make the Image of the 
Hole afcend and defcend, when between its 
two contrary Motions it ieemed Stationary, I 
llopp'd the Prifm, that the Refradions of both 
fides of the refrading Angle might be equal to 
each other, as in the former Experiment, \rx 
this Situation of the Prifm viewing through it 
the faid Hole, I obferved the length of its re- 
fraded Image to be many times greater than 
Its breadth, and that the mofl refraded part 
thereof appeared violetj the leail refradecj red, 
2 the 
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the middle parts blue, green and yellow in or- 
der. The fame thing happen'd when I remo- 
ved the Prifm out of the Sun's Light, and look- 
ed through it upon the hole fhining by the 
Light of the Clouds beyond it. And yet if the 
Refradion were done regularly according to 
one certain Proportion of the Sines of Inci- 
dence and Refra<5tion as is vulgarly fuppofed, 
the refracted Image ought to have appeared 
round. 

So then, by thefe two Experiments it appears, 
that in equal Incidences there is a confiderable 
inequality of Refraftions. But whence this in- 
equality arifes, whether it be that fome of the 
incident Rays are refra6:ed more, and others lefs, 
conilantly, or by chance, or that one and the 
fame Ray is by Refra(ftion diflurbed, fhatter'd, 
dilated , and as it were fplit and fpread into ma- 
ny diverging Rays, as Grimaldo fuppofes, does 
not yet appear by thefe Experiments, but will 
appear by thofe that follow. 

Exper. 5. Confidering therefore, that if in 
the third Experiment the Image of the Sun 
ihould be drawn out into an oblong Form, ei- 
ther by a Dilatation of every Ray, or by any o- 
ther cafual inequality of the Refradiions, the 
fame oblong Image would by a fecond Refra- 
d:ion made lideways be' drawn out as much in 
breadth by the like Dilatation of the Rays, or 0- 
ther cafual inequality of the Refra(5lions lide- 
ways, I tried what would be the Effects of fuch* 
a fecond Refradtion. For this end I ordered 
all things as in the third Experiment, and then 
placed a fecond Prifm immediately after the 

firft 
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Hrft in a crofs Position to it, that it might again 
refraiQ: the beam of the Sun's Light which came 
to it through the firft Prifm. In the firft Prifm 
this beam was refracted upwards, and in the 
fecond lideways. And I found that by the Re« 
fra6:ion of the fecond Prifm, the breadth of the 
Image was not increafed, but its fuperior part, 
which in the firft Prifm fufFered the greater Re- 
fradidn, and appeared violet and blue, did again 
in the fecond Prifm fufFer a greater Refradion 
than its inferior part, which appeared red and 
yellow, and this without any Dilatation of the 
Image in breadth. 

Illufiration. Let S [in Fig. 14. ] repfelent 
the Sun, F the hole in the Window, ABC the 
firft Prifm, D H the fecond Prifm, Y the round 
Image of the Sun made by a dired: beam of 
Light when the'Prifms are taken away, P T 
the oblong Image of the Sun made by that beam' 
pafling through the firft Prifm alone, when the 
fecond Prifm is taken away, and p t the Image 
made by the crofs Refradions of both Prifms 
together. Now if the Rays which tend to- 
wards the feverg.1 Points of the round Image Y 
were dilated and fpread by the Refradtion of 
the firft' Prifm, fo that they fhould not any lon- 
ger go in fingle Lines to fmgle Points, but that 
every Ray being fplit, fhattered^ and changed 
from a Linear Ray to a Superficies of Rays di- 
verging from the Point of Refradtion, and ly- 
ing in the Plane of the Angles of Incidence and 
Refradiion, they ftiould go in thofe Planes to 
fo many Lines reaching almoft from one end of 
the Image P T to the other, and if that Image 

{hould 
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ihould thence become oblong: thofe Rays and 
their feveral parts tending towards the feveral 
Points of the Image P T ought to be again di- 
Jated and fpread fideways by the tranfverf^ 
Refradion of the fecond Prifm, fo as to com- 
pofe a four fquare Image, fuch as is reprefented 
at iff. For the better underftanding of which, 
let the Image P T be diftinguijflied into five e-f 
qual parts P QK, KQRL, LRSM, MSVN, 
N VT. . And by the fame irregularity that the 
orbicular Light Y is by the Refradion of the 
iirft Prifm dilated and drawn out into a long 
Image P T, the Light P QK which takes up a 
fpace of the fame length and breadth with the 
Light Y ought to be by the Refradion of the 
fecond Prifin dilated and drawn out into the 
long Image Trqkp, and the Light K QJRL L into 
the long Image I ^r/, and the Lights L R S M, 
MSVN, N V T, into fo many other long I- 
xn^gcs Irsm, msvn, nvtl-, and all thefb long 
Images would compofe the Jour fquare Image 
w?. Thus it ought to be were every Ray dila- 
ted by Refradion, and fpread into a triangular 
Superficies of Rays diverging from the Point 
of Refradion. For the fecond Refradion 
would fpread the Rays one way as much as the 
firft doth another,* and fo dilate the Image in 
breadth as much as the firft doth in length. 
And the fame thing ought to happen , were 
fome Rays cafually refraded more than others. 
But the Event is otherwife. The Image PT 
was not made broader by the Refradion of the 
fecond Prifm, but only became oblique, as 'tis 
reprefented at //^, its upper end P being by 

the 
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the Refra<^ion tranflated to a greater dillance than 
its lower end T. So then the Light which went 
towards the upper end P of the Image, was ( ^t 
equal Incidences ) more refra<5ted in the fecond 
Prifm, thap the Light which tended towards the 
lower end T, that is the blue and violet, than the 
red and yellow j and' therefore was more refran- 
gible. The fame Light was by the Refradion of 
the firft Prifm tranflated farther from the place 
Y to which it tended before Refradionj and 
therefore fuffered as well in the firft Prifm as in 
the fecond a greater Refradion than the j-eft of 
the Light, and by confequence was more refran- 
gible than the reft, even before its incidence on 
the firft Prifm. 

Sometimes I placed a third Prifm after the 
fecond, and fometimes alfo a fourth after the 
third, by all which the Image might be often 
refradted fideways: but the Rays which were 
more refradted than the reft in the firft Prifm 
were alfo more refradled in all the reft, and that 
without any Dilatation of the Image fideways : 
and therefore thofe Rays for their conftancy of a 
greater Refradion are defervedly reputed more 
refrangible. 

But that the meaning of this Experiment may 
more clearly appear, it is to be confidered that 
the Rays which are equally refrangible do fall 
upon a Circle anfwering to the Sun's Difque. 
For this was proved in the third Experiment. 
By a Circle I underftand not here a perfect geo- 
metrical Circle, but any orbicular Figure whofe 
length is equal to its breadth, and which, as 
to Senfe, may feem circular. . Let therefore AO 
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[in Fig. 15.] reprefent the Circle which all the 
moft refrangible Rays propagated from the 
whole Difque of the Sun, would illuminate and 
paint upon the oppofite Wall if they were a- 
lonej E L the Circle which all the leaft refran- 
gible Rays would in like manner illuminate and 
paint if they were alone j BH, C J, DK, the 
Circles which fo many intermediate forts of 
Rays would fucceffively paint upon the Wall, 
if they were fingly propagated from the Sun 
in fucceffive order, the reft being always inter- 
cepted j and conceive that there are other in- 
termediate Circles without Number, which 
innumerable other intermediate forts of Rays 
would fucceffively paint upon the Wall if the. 
Sun iliould fucceffively emit every fort apart. 
And feeing the Sun emits all th,efe forts at once, 
they muft all together illuminate and paint in- 
numerable equal Circles, of all which, being 
according to their degrees of Refrangibility 
placed in order in a continual Series, that ob- 
long Spedrum P T is compofed which I defcri- 
. bed in the third Experiment. Now if the 
Sun's circular Image Y [in Fig. 14, 15.] which 
is made by an unrefraded beam of Light was 
by any Dilation of the fmgle Rays, or by any 
other irregularity in the Refradion of the firft 
Prifm, converted into the oblong Spearum, 
P T : then ought every Circle A G, B H, C J, 
&c. in that Specftrum, by the crofs Refradion 
of the fecond Prifm again dilating or otherwife 
fcattering the Rays as before, to be in like man- 
ner drawn out and transformed into an oblong 
Figure, and thereby the breadth of the Image 

" PT 
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^T would be now as much augmented as the 
. length of the Image Y was before by the Refra- 
d:ion of the firfl Prifm; and thus by the Refra- 
ftions of both Prifms together would be formed 
a four fquare Figure /tt /I, as I defcribed a- 
bove. Wherefore fmce the breadth of the Spe- 
d:rum PT is not increafed by the Refradion 
lideways, it is certain that the Rays are not iplic 
or dilated, or otherways irregularly fcatter'd 
by that Refraj6tion, but that every Circle is by 
a regular and uniform Refradlion tranflated 
entire into another Place, as the Circle AG 
by the greatefh Refradion into the place a g^ 
the Circle B H by a lefs Refradiion into the 
place h h, the Circle C J by a Refradion ftill 
lefs into the place ci, and fo of the refl; by 
which means a new Spedrum // inclined to 
the former P,T is in like manner compofed of 
Circles lying in a right Line j and thefe Circles 
• mull be of the fame bignefs with the former, 
becaufe *the breadths of all the Spedlrums Y, 
P T and pt ^i equal dillances from the Prifms 
are equal. • 

I confidered farther, that by the breadth of 
the hole F through which the Light enters in- 
to the dark Chamber, there is a Penumbra 
made in the Circuit of the Spedrum Y, ^nd 
that Penumbra remains in the redilinear Sides 
of the Spedrums P T and pt. I placed there- 
fore at that hole a Lens or Objed-glafs of a Te- 
lefcope which might caft the Image of the Sun 
diftindly on Y without any Penumbra at all, 
■ and found that the Penumbra of the redilinear 
Sides of the oblong Spedrums PTand/^ was 

D alfo 
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alfu thereby taken away, fo that thofe Sides ap-* 
peared as diftin(5Jly defined as did the Circum- . 
ference of the firfl Image Y. Thus it happens 
if the Glafs of the Prifms be Tree from Veins, 
and their Sides be accurately plane and* well 
polilhed without thofe numberlefs. Waves or 
Curies which ufually arife from Sand-holes a 
little frnoothed in polifliing with Putty. If the ' 
Glafs be only well polifhed and free from Veins, 
and the Sides not accurately plane, but a little 
Convex or Concave, as it frequently happens;, 
yet may the three Spedrums Y, P T and p t 
want • Penumbras , but not in equal diilances 
from the Prifms. Now from this want of Pe- 
numbras, I knew more certainly that every one 
of the Circles was refraded according to fome 
moft regular, uniform and conftant Law. For 
if there were any irregularity in the Refraction, 
the right Lines A E and G L, which all the Cir- 
cles in the Spectrum . P T do touch, could not • 
by that Refraftion be tranflated into tlie Lines 
a e and «• / as diflind: and ftraight as they were 
before, but there would arife in thofe tranflated 
Lines fome Penumbra or Crookednefs or Un- 
dulation, or other fenfible Perturbation contrary 
to what is found by Experience. Whatfoever 
Penumbra or Perturbation fhould be made in the 
Circles by the crofs Refraction of the fecond 
Frifm, all that Penumbra or Perturbation would 
be confpicuous in the right Lines a e and g I 
which touch thofe Circles. And therefore fince 
there is no fuch Penumbra or Perturbation in 
thofe right Lines, there mufl be none in the Cir-^ 
cles. Since the diflance between thofe Tangents 

'3 or 
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or breadth of the Spedrum is not increafed 
by the Refradions, the Diame'ters of the Circles 
are not increafed thereby. Since thofe Tangents * 
continue to be right Lines, every Circle* which 
in the firft Prifm is more or Icfs refraded, is 
exadiy in the fame proportion more or lefs re- 
fracted in the fecond. And feeing all theie 
things continue to fucceed after the fame man-* 
ner when the Rays are again in a third Prifm, 
and again in a fourth refraded lideways , it is 
evident that the Rays of one and the. fame Circle, 
as to their degree of Refrangibility, continue al- 
ways uniform and homogeneal to One .another, 
and that thofe of feveral Circles do differ in de- 
gree of Refrangibility, and that in fome certain 
and conftant Proportion, Which is the thing I 
was to prove. * 

There is yet another Circumftance or two of 
this Experiment by which it becomes Itill more 
plain and convincing. Let the fecond Prifm " 
DH [in Fig. i6.] be placed not immedi- 
ately after the- firft', but at fome diflance 
from it} fuppofe in the mid-way between it 
and the Wall on which the oblong. Spedrum 
PT is cafl, fo that the Light from the %xk 
Prifm may fall upon it in the form of an ob- ■ 
long Spedrum ^1 parallel to this fecond Prifm, ' 
and be refraded fideways to form the oblong 
Spedrum pt upon the Wall. And you will 
find as before, that this Spedrum ^ ^ is inclined 
to that Spedrum P T, which the firft Pjifm. 
forms alone without the fecond; the blue ends 
P. and ^ being farther diftant from one another 
than the red ones T and f, and by confequence 

D 2 that 
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that the Rays which go to the blue end ^ of 
tha Image rr % anS which therefore fufFer the 
greateil Refraction in the firft Prifm, are again 
in the fecond Prifm more refraded than the 
reft. 

The fame thing I.try'd alfo by letting the 
, Sun's Light into a dark Room through two Ht- 
tle round holes F and <p [in Fig. 17.] made in 
the Window, and with two parallel Prifms 
ABC and ct^y placed at thofe holes ( one at 
each ) refracting thofe two beams of Light to 
the oppoiite Wall of the Chamber, . in fuch man- 
ner that the two colour'd Images P T. and M N 
which they there painted were joined end to end 
and lay in one ftraight Line, the red end T of 
the one touching the blue end M of the other. 
For if theft two refra<fted Beams were again 
by *a third Prifm DH placed crofs to -the two 
firft , refradted fideways , and the Spedirums 
thereby tranflated to fomeJ other part of the 
Wall of the Chamber, fuppofe the Spedrum 
P T to / / and the Speftitim MN to m?i, thefe 
tranllated Spedrums /> t and m n would not lie 
in one ftraight Line with their ends contiguous 
as before, but be broken off from one another 
and become parallel, the blue end m of the I- 
■ mage m n being by a greater Refraction tran- 
llated farther from its former place MT, than 
the red end / of the other Image p t frorn the 
fame place MT; which puts the Propolition 
, paft, Difpute. And this happens whether the 
third Prifm D H be placed immediately after 
the two firft, or at a great diftance fropi 
them, fo that the Light refraCled in the two 

.firft 
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firft'Prifms be either white and circular, or co- 
loured and oblong when it falls on the third. 

Exper. 6. In the mrddle of two thin Boards 
I made round holes a third part of an Inch in 
diameter , and in the Window-fhut a much 
broader hole being made to let into my dark- 
ned Chamber a large Beam of the Sun's Light; 
I placed ,a Prifm behind the Shut in that beam 
to refrad it towards the oppofite Wall, and 
clofe behind the Prifm I fixed one of the Boards, 
in fuch manner that the middle of the refrafted 
Light might pafs through the hole made in it, 
and the reft be intercepted bj^ the- Board. Then 
at the diftance of about twelve Feet from the 
firft Board I fixed the other Board in fuch man- 
ner, that the middle of the refradied Light which 
came through the hole in the firft Board, and 
fell upon the oppofite Wall, might pafs through 
the hole in this other Board, and the reft being' 
intercepted by the Board might paint upon it 
the coloured Spedlrum of the Sun. And clofe 
behind this Board I fixed another Prifm to re- 
fradt the Light which came through the hole. 
Then I returned fpeedily to the firft Prifm, and 
by turning it flowly to and fro about its Axis, 
I caufed' the Image which fell upon the fecond 
Board to rnove up and down upon that Board, 
that. all its parts might fucceffively pafs through 
the hole in that Board and fall upon the Prifm. 
behind it. And in the mean time, I noted the 
places on the oppofite Wall to which that Light 
after its Refradlion in the fecond Prifin did pafsj* 
and by the difference of the places I found that 
the Light which being moft refraded in the 

D ^ ' , firft 
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iiril Prifm did go to the blue end of the Injagc, 
was again more refraded in the fecond Prifm 
than the Light which went to the red end of 
that Image, which proves as well the iirft Pro- 
poiition as the fecond. And this happened whe- 
ther the Axis of the two Prifms were parallel, or 
inclined to one another, and to the Horizon in 
any given Angles. * 

lUufiration. Let F \\x\.Fig. i8.] be the wide 
hole in the Window-fhut, through which the 
Sun fhines upon the firft Prifm ABC, and let 
the refracted Light fall upon the middle of the 
Board DE, arjd the middle part of that Light 
upon the hole G made in the middle part of tXat 
Board. Let this trajeited part of that Light 
fall again upon the middle of the fecond Board 
d e, and there paint fuch an oblong coloured I- 
mage of the Sun as was defcribed in the. third 
Experiment. By turning the Prifm ABC flow-. 
ly to and fro about its Axis, this Image will be 
made to move up and down the BQard de^ 
and by this means all its parts from one end to 
the 'other may he made to pafs fucceflively 
through the hole g which is made in the fnid- 
dle of that Board. In the mean while another 
prifm ^ ^ f is to be fixed next after that hole 'gy 
to refrad the trajeded Light a fetond time. 
And thefe things being thus ordered^ I marked 
the places M and N of the oppdfite Wall upon 
which the refraded Light fell, and found that 
whilft tlip two Boards and fecpnd Prifm re- 
*mained unmoved, thofe places by turning the " 
pfift Prifm about its Axis were changed 'perpe- 
tually. For when the lower part of the Light 
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:-ivhichfeU upon the fecond Board de was caft 
through the hole gy it went to a lower place M 
on the Wall, and when the higher part of that 
Jjight was caft through the fame hole^, it went 
to a higher place N on the Wall, and when any 
intermediate part of the Light was cafi through 
that hole, it went to fome place on the Wall be- 
tween M and N. , The unchanged* Pofition of 
the holes in the Boards, .made the Incidence 
of the Rays upon the fecond Prifm to he the 
jTame in all cafes. And. yet in that common.In- 
cidence fome of the Rays were more refraded, 
and others lefs. And thofe were more refraded 
in this Prifm, -which by a greater Refradion in 
the firft Prifm were more turned out of the 
way, and therefore for their Conftancy of jjeing 
tiiore refraded are defervedly called more refran- 
gible. 

Exper. J. At two holes made near one ano- 
ther in my Window- fhut I placed two.Prifms, 
one at each, which might caft upon the oppo- 
iite Wall (after the manner of th^ third Expe- 
riment) two oblong coloured Images oi the 
Sun. And at a little diftance from the Wall I 
placed a long flender Paper with ftraight and pa- 
rallel edges , , and ordered the Prifms and Pa- 
per fo, that the red Colour of one Image might 
iall diredly upon one half of the Paper, and 
the violet Colour of the other Image upoii the 
other half of the fame Paper j f® that the Pa- 
per appeared of two Colours, red and violet, 
ipuch after the manner of the painted f*aper 
in the firft and fecond Experiments. Then 
V/ithabla^k Gloth I covered the V/all behind 
•■ P 4 * • the- 
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the Paper, that no Light might be refleded from, 
it to difturb the Experimeut, and viewing the 
Paper through a third Prifm held parallel to ' it, 
I faw that half of it which was illuminated by 
the violet Light to be divided, from the other 
half by a greater Refradion, efpecially when I 
went ^ good y^ay off from the Paper. For 
when I vie^l^ed it too near at band, the two halfs 
of the Paper did not appear fully divided from 
one another, but feemed contiguous at one of 
their Angles like the painted Paper in the firft 
Experiment. Which alfo happened when the 
Paper was too broad. . 

Sometimes inftead of the Paper I ufed a white 
Thred , and this appeared through the Prifm 
divided into two parallel Threds as is repre- 
fen ted in the nineteenth Figure, where DG 
denotes the Thred illuminated with violet Light 
from D to E and with red Light from F to G, 
and d e ,fg are the parts of the Thred feen by 
Refradion. If one half of the Thred be con- 
ftantly illum^iated with red, and the other half 
be illuminated with all the Colours fucceffively, 
(which may be done by cauling" one of tne 
Prifms to be turned about its Axis whilft the 
other remains unmoved) this other half in view-r 
ing the Thred through the Prifm, will appear 
in a continual right Lin? with the iirft half when 
illuminated with red, and begin -to be a little 
divided from it when illuminated with Orange, 
^nd, remove farther from it when illuminated 
with yellow, and ftiU farther when with greeij, 
{^nd farther whqi with blue, and go yet farther 
off when ilturninated with Indigo, and fartheft 

wheft 
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when with deep violet. Which plainly fhews, 
that the Lights of feveral Colours are. more and 
more refrangible one than another, in this Order 
of their Colours, red, orange, yellow, green, 
blue, indigo, deep violet j and fo proves as. well 
the firft Propolition as the fecond. 

I- cauied alfo the coloure*d Spedrums P T 
[inF%. 17. ] and MN made in a dark Cham- 
ber by the Refractions of two Prifms to lie in 
^ Right Line end to end, as was defcribed above 
in the fifth Experiment, and viewing them 
through ^ third. Prifm held pai'allehto their 
Length, they appeared 'no longer in a Right 
Line, but became broken from one another, as 
they are reprefented ^x pt and mn^ the violet 
end m of the Spe6:rum m n being by a .greater 
Refraflion tranflated farther from its former 
Place M T than the red end t of the other 
Spedrum^/f. • - 

I farther caufed* thofe two Specftrums P T 
[ in Fig. 2Q. ] and M N to become co-incident 
in an inverted Order of their .Colours, the red 
end of each falling on the violet end of the o- 
ther, as they are reprefented in the oblong Fi- 
gure PTMN,j and then viewing then-k through 
a Prifm DH held parallel to their Length, they 
appeared not co-incident, as when view'd with 
the naked Eye, but in the form of two diftinft 
Spedrums^f and mn oxo^n'^ one another in 
the middle after the manner of the Letter X. 
Which fhews that the red of the one Spedrum 
^nd violet df the other, which were co-incident 
at PN and MT, being parted from one another 
by a greater Refr^dipn of the violet to'^ and ;?^ 

. than 
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than of the red to n and t^ do diiier in degrees of 
Refrangibility. 

I illuminated alfo a little Cir<ptilar Piece of 
white Paper all over with the Lights of both 
Prifms intermixed, and when it was illumina- 
ted with the red of one Spedrum, ^nd deep, 
violet of the other, fo as by the Mixture of 
thofe Colours to appear all over purple, I view- 
ed the Paper, fir ft at a lefs diftance, and then 
at a greater, through a third Prifm; and as I 
went from the Paper, the refracted Image there- 
of becaprie .more and more divided by the une- 
qual RefradiOn of thd two mixed Colours, and 
at length parted into twO diftin<5t Images, a red 
one and a violet one, whereof the violet was 
fartheft from the Paper, and, therefore fuffered 
the greateft Refradion. And when that Prifm 
attheWinHow, which caft the violet on the Pa- 
per was taken away, the viol«t Image difap.. 
peared ; but when the other Prifm was taken 
away the red vanished j which fhews, that thefe 
two Images were nothing elfe than the Jjights 
of the two Prifms, which had been intermixed 
on the purple Paper, ,but were parted again by 
their unequal Refradions made, in the third 
Prifm, through which the Paper was view'd, 
This alfo was obfervable, that if one of the 
Prifms at the Window, fuppofe that which caft 
the violet on the Paper, was turned about its 
Axis to make all the Colours in this order, vio- 
let, indigo, blue, green, yellow, orange, red, 
fall fucceffively on the Paper from that Prifm, 
the violet Image changed Colour accordinglyj^ 
turning fyccelTively to indigo, blue, green, yel-. 

low 
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low and red, and in changing Colour came nearer 
and nearer to the red Image 6iade by the other 
Prifm, until when it was alfo ^ed both Images be- 
came fully co-incident. 

I placed alfo two,Paper Circles very near one 
another, the one in the red Light of on6 Prifm, 
and the other in the violet Light of the other. 
The Circles were each of them an Inch in diame- 
ter, and behind them the Wall was dark, that the * 
Experiment might not be difturbed by any Light 
coming from thence. Thefe Circles thus illu- 
minated, I viewed through a Prifm Jo held, that 
the Refrad:ion might be made towards the red 
Circle, and as I went from them they came nearer 
and nearer together, and at length became co- 
incident; and afterwards when I went ftill far- 
ther off, they parted again in a contrary Order, 
the violet by a greater Refradiori being carried ' 
beyond the red. 

Exper.S. In Summer, when the Sun's Light 
ufes to be ftrongeft, I placed a Prifm at the 
♦Hole of the Window-fhut, as in the third Expe^ 
riment, yet fo that its Axis might be parallel to 
the. Axis of the World, and at the oppofite 
Wall in the Sun's refraded Light, I placed ai^ 
open Book. Then going fix Feet and two Inches 
from the Boole, I placed there the above-i 
menfioned Lens, by which the Light refied:cd 
from the Book might be made to converge and 
meet again at the diftance of {iX Feet and two 
Inches behind the Lens, and there paint the 
Species of the Book upon a Sheet of white Pa- 
per much after* the manner of the fecond Ex- 
periment. The Book and Lens being made faft, 

.1 no- 
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I noted the Placd where the Paper was,, when 
the Letters of the Book, illuminated by the 
fulleft red Light of the Solar Image falling upon 
it, did^ caft their Species on that Paper moft 
diftindiy : And then I ftay'd till by the Motion 
of the Sun, and confequent Motion of his Image 
on the Book, all the Colours from that red to 
the middle of the blue pafs'd over thofe Let- 

• ters ; and when thofe Letters were illuminated 
by that blue, I noted again the Place of the Pa- 
per when they caft their Species moft diftindily 
upon it : And I found that this laft Place of the 
Paper was nearer to the Lens than its former 
Place by about two Inches and an half, or two 
and three quarters. So much fooner therefore 
did the Light in the violet end of the Image 
by a greater Refradion converge and meet, 

* than the Light in the red end. But in trying 
this, the Chamber was as dark as I could make 
it. For, if thefe Colours be diluted and weak- 
ned by the. Mixture of any adventitious Light, 
the diftance between • the Places of the Paper. 
will not be fo great. This diftance in the fe-. 
cond Experiment, where the Colours of natural 
Bodies were made ufe of, was but an Inch and 
an half, by reafon of the Imperfedion of thofe 
Colours. Here in the Colours of the Prifm, 
which, are manifeftly more full, intenyfe, * and 
lively than thofe of natural Bodies, the diftance 
is tVN^o .Inches and three quarters. And were the 
Colours ftill more *full, I queftion not but that 
the diftance would be confiderably greater; For 
the coloured Light of the P.rifrn, by the inter- 
fering of the Circles defcribed in the. fecond 

Figure 
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Figure of the fifth Experiment, and ahb by the 
Light of the very bright Clouds next the Sun's 
Body intermixing with' thefe Colours, and by 
the Light fcAtered by the Inequalities in the 
Polifh of the Prifm, was fo very much com- 
pounded, that the Species which thofe faint and 
dark Colours, tjie indigo and violet, caft upon' 
the Paper were not diflind: enough to be well ob- 
served. 

Exper. 9. A Prifm, whofe two Angles at its 
Bafe were equal to one another, and half right 
ones, and the third a right one, I placed in a 
Beam of the Sun's Light let into a dark Cham- 
ber through a Hole in the Window-fhut, as in 
the third Exjperiment. And turning the Prifm 
flowly about its Axis, until all the Light which 
went through one of its Angles, arid was refrad:- 
ed by it; began to be refleded by its Bafe, at 
which till then it went out of the Glafs, I ob- 
ferved that thofe Rays which had fuifered the 
greateft Refradion were fooner refleded than 
the reil. I conceived therefore, that thofe Rays 
of the refleded Light, which were moll' re- 
frangible, did firft of all by a 'total Reflexion 
become more, copious in that Light than the 
reft, and that afterwards the reft alfo, by a total 
Reflexion-, becarhe as copious as thefe. To try 
this, I made the refleded Light pafs through 
another Prifm, and being refraded by it to fall 
afterwards upon a Sheet of white Paper placed 
at fome diftance behind it, and thereby that 
Refradion to paint the ufual Colours of the 
Prifm. And then caufmg the firft Prifm .to be 
turned about its Axis as above, I obferved that 

when 
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when thofe Rays, *which in this Prifm had fuf- 
fered the greateft Refradion, and appeared of a 
blue and violet Colour began to be totally re- 
fledled, the blue and violet Light 'on the Paper, 
which was moft refraded in the fecond Prifm, 
received a fenfible Increafe above that of |hc 
red and yellow^ which was leaft .refradted ; and 
afterwards, when the reft of th^ Light which 
was green, yellow, and red, began, to be totally 
refleded in the firft Prifm, the Light of thofe 
Colours on the Paper received as ,gre3t an In- 
creafe as the violet and blue had done before. 
Whence *tis manifeft, that the Beam* of Light 
refleded by the Bafe of the Prifm, being aug- 
mented firft by the more refrangible Rays, and 
afterwards by the lefs refrangible ones, is com- 
pounded of Rays differently refrangible. And 
that all fuch reflefted Light is of the fame Na- 
ture with the Sun's Light before its Licidence 
on the Bafe of the^ Prifm, no Man ever doubt- 
ed J it being generally allowed, that Light by 
fuch Reflexions fuffers no Alteration in its Modi- 
fications and Properties. I do not here take No- 
tice of any Refradions made in the fides of the 
firft Prifm, becaufe the Light enters it perpendi- 
cularly at the firft fide, and goes out perpendicu- 
larly at the fecond fide, and therefore fuffers 
none. So then, the Sun's incident Light being of 
the fame Temper and Conftitution with his emer- 
gent Light, and the laft being compounded of 
Rays differently refrangible, the firft muft be in 
like manner compounded. 

lUnJiration. In the twenty-firft Figure, ABC 
is the firft Prifm, B C its Bafe, B and C its 

equal 



B O K I. ^ . 47 

equal Angles at the Bafe, each of 4^ Degrees, 
A its redangular Vertex, * F M a beam of the 
€un's Light let into ^ a dark Room through a 
hole F one third part of an Inch broad, M its 
Incidence on^the Bafe of the Prifm, M G a lefs 
,refraded Ray,' M H a more refraded Ray, M N 
the* beam of Light refleded from the Bafe, 
V X Y the fecond Prifm by which this beam in* 
paffing through it is refraded,, N / the lefs re- 
fraded Light of this beam, and N/ the more 
refraded part thereof. When the firil Prifm 
A B C is turned about its Axis according to the 
order of the Letters ABC, the. Rays MH e- 
merge more, and more obliquely out of that 
Prifm, and at length after their moft oblique 
Emergence are reSeded towards N, and going 
on to p do increafe the Number of the Rays 
N/^. Afterwards by continuing, the Motion of 
the firft Prifm, the Rays M G are-alfo relleded 
to N. and increafe the number of the Rays N /. 
And therefore the Light M N admits into its 
Compofition, firft the more refrangible Rays, 
and then the lefs refrangible Rays, and yet af- 
ter this Compofition is of the fame Nature with 
the Sun's immediate Light- FM, the Reflexion 
of the fpecular Bafe B C caufmg no Alteration 
therein. 

Exper, ID. Two Prifms, which, were alike 
in Shape, *I tied fo together, that their Axis aad 
oppofite Sides being parallel, they compofed a 
Paralleiopiped. And, the Sun fhining into my 
dark Chamber through a little hole in the Win- 
dow-fhut, I placed that Paralleiopiped in his 
beam at fome diftance from the hole, in fuch a 

Pofture, 
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• Pofture, that the Axes of the Priffns might be 
perpendicular to the . incident Rays, and that 

^ thofe Rays being incident upon the firft Side 
of one Prifm, might go on through the two 
contiguous Sides of both Prifms, and emerge 
out of the laft Side of the fecDnd Prifm. This 
Side being parallel to the firft Side of the iirft * 
Prifm, caufed the emerging Light to be paral- 
lel to the incident. Then,, beyond thefe two 
Prifms I placed a third, which might refrad 
that emergent Light, and by that Refradion 
caft the ufual Colours of the Prifm upon the 
oppofite Wall, or upon a fheet of white Paper 
held at a convenient Diflance behind the Prifm 
for that refraded Light to fall upon it. Alter 
this I turned the Parallelopiped about its Axis, 
and found that when the contiguous Sides of 
the two Prifms became fo oblique to the inci- 
dent Rays, that thole Rays began all of them to 
be refleded, thofe Rays which in the third 
Prifm had fuffered the greateft Refradion, ' and 
painted the Paper with violet and blue, were 
firfl of all by.a total Reflexion taken out of the 
tranfmitted Light, the reft remaining and on 
the Paper painting their* Colours of green, yel- 
low, orange and red, as before^ and afterwards 
by continuing the Motion of the two Prifms, 

. the reft of ^the Rays alfo by a total Reflexion 
vaniftied in* order, according to th^r degrees 
of Refrangibility. The Light therefore which 
emerged out of the two Prifms is compound- 
ed of Rays differently refrangible, feeing the 
more refrangible Rays may be taken out of it, 
while the lefs refrangible remain. But this 

Light 
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Light being trajedled only through the parallel 
Superficies of the two Prifins, if it iufFer'd any 
change by the Refradion of one Superficies it 
lofi: that Impreffion by the contrary Refradion 
of the other Superficies, and fo being refior'd to 
its priftine Conftitution, became of the fame Na- 
ture and Condition as at firfi: before its Incidence 
on thofe Prifms ; and therefore, before its Inci- 
dence, was as much compounded of Rays diffe- 
rently refrangible, as afterwards. 

lUuftration. In the twenty fecond Figure. 
ABC and BCD are the two Prifms tied together 
in the form of a Parallelopiped , their Sides 
B C and C B being contiguous, and their Sides 
A B and C D parallel. And H J K is the third 
Prifm, by which the Sun's Li^ht propagated 
through the hole F into the dark Chamber, and 
thete paffing through thofe fides of the Prifms 
A B, B C, C B and C D, is refraded at O to 
the white Paper P T, falling there partly upon, 
P by a greater Refradion, partly upon T by a ' 
lefs Refradion, and partly upon R and other in- 
termediate places by intermediate Refradions. 
By turning the Parallelopiped A C B D about its 
Axis, according to the order of the Letters A, 
C, D, B, at length when the contiguous Planes 
B C and C B become fufficiently oblique to the, 
Rays F M, v/hich are incident upon them at M, 
there will vanifh totally out of the refraded 
Light OPT, firfi: of all the moil refraded Rays 
OP, (the reft OR and OT remaining as be- 
fore) then the Rays O R and other intermedi- 
ate ones, and laftly, the leafi: refraded Rays O T. 
For when the Plane BC becomes fufficiendy 

E • , oblique 
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oblique to the Rays incident upon .it, thofe 
Rays will begin to be totally refledred by it to- 
wards N; and iirft the moft refrangible Rays 
will be totally refleded (as was explained in 
the preceding Experiment ) and by Confequence 
muft firft difappear at P , and' afterwards the 
reft as they are in order totally refle(aed to N, 
they muft difappear in the fame order at R 
and T. So then the Rays which at O fuf- 
fer the greateft Refradion, may be. taken out 
of the Light M O whilft the refl; of the Rays 
remain in it, and therefore that Light MO 
is compounded of Rays differently refrangi- 
ble. And becaufe the Planes A B and C D 
are parallel, and therefore by equal and con- 
trary Refradions deftroy one anothers Ef- 
fects, the incident Light F M muft be of the 
fame Kind and Nature with the emergent Light 
M O, and therefore doth alfo confift of Rays 
differently refrangible. Thefe two Lights F M 
and M O, before the moft refrangible Rays are 
feparated out of the emergent Light M O, a- 
gree in Colour, and in all other Properties lo 
far as my Obfervation reaches, and therefore 
are defervedly reputed of the fame Nature and 
Conftitution, and by Confequence the one is 
compounded as well as the other. But after 
the moft refrangible Rays begin to be totally 
refleded, and thereby feparated out of the e- 
mergent Light M O, that Light changes its Co- 
lour from white to a dilute and faint yellow, 
a pretty good orange, a very full red fuccef- 
fively, and then totally vanifties. For after the 
moft refrangible Rays which paint the Paper at 
2 • Pwith 
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P with a purple Colour, are by a total Refle- 
xion taken out of the beam of Light M O, the 
reft of the Colours which appear on the Paper 
at R and T being mix'd in the Light MO 
compound there a faint yellow, and after tlie 
blue and part of the green which appear on the 
Paper between P and R are taken away, the reft 
which appear between R and T ( that is the yel- * 
low, orange, red and a little green) being mix- 
ed in the beam MO compound there an orange; 
and when all the Rays are by Reflexion taken 
out of the beam M O, except the leaft refran- 
gible, which at T appear of a full red, their 
Colour is the fame in that beam M O as after- 
wards at T, the Refraction of the Prifm H J K 
ferving only to feparate the difl^erently refrangible 
Rays, without making any ^Alteration in their 
Colours, as fhall be more fully proved hereafter. 
All which confirms as well the firft Propofltion 
as the fecond. 

Scholium. If this Experiment and the former 
be conjoined and made one by applying a fourth 
Prifm VXY [in Fig. 22.] to refrad; the refieded 
beam MN towards^/, the Cdnclufion wiU be 
clearer. For then the Light N/ which in the 
fourth Prifm is more refraded, will become ful- 
ler and ftronger when the Light O P, which in 
the third Prifm H J K is more refraded, va- 
nifties at P5 and afterwards when the lefs re- 
fracted Light OT vanifties at T, the lefs re- 
fraded Light N t will become increafed whilft 
. the more refrad:ed Light at p receives no far- 
ther increafe. And as the trajedted beam M O 
in vanifhing is always of fuch a Colour as ought 

■ E 2 to 
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to refiilt from the mixture of the Colours which 
fall upon the Paper P T , fo is the refleded 
beam M N always of fuch a Colour as ought to 
refuit from the mixture of the Colours which 
fall upon the Paper p t. For when the moft 
refrangible Rays are by a total Reflexion taken 
out of the beam M O, and leave that beam of 
an orange Colour, the Excefs pf thofe Rays in 
tlie refle6ted Light, does not only make the vio- 
let, indigo and blue at p more full, but alfo 
makes the beam M N change from the yellowifh 
Cobur of the Sun's Light, to a pale white in- 
clining to blue, and afterward recover *its yel- 
lowifli Colour again, fo foon as all the reft of the 
tranfmitted Light MOT is refleded. 

Now feeing that 'in all this variety of Expe- 
riments , whether the Trial be made in Light 
refied:ed, and that either from natural Bodies, 
as in the firffc and fecond Experiment, or fpe- 
cular, as in the ninth j or in Light refraded, 
and that either before the unequally refraded 
Rays are by diverging feparated from one an- 
other, and lofing their whitenefs which they 
have altogether, appear feverally of feveral Co- 
lours, as in the fifth Experiment 5 or after they 
are feparated from one another, and appear co- 
loured as in the fixth, feventh, and eighth Ex- 
periments; or in Light trajeded through paral- 
lel Superficies, deftroying each others Effeds, 
as in the tenth Experiment; there are always 
found Rays, which at equal Incidences on the 
fame Medium fuffer unequal Refradions, and 
that without any fplitting or dilating of fingle 
Rays, or contingence in the inequality of the 
3 Refra- 
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Refradions, as is proved in the fifth and fixth 
Experiments. And feeing the Rays which dif- 
fer ii;i Refrangibility may be parted and forted 
from one another, and that either by Refraftion 
as in the third Experiment, or by Reflexion as in 
the tenth, and then the feveral forts apart at 
equal Incidences fufFer unequal Refradtions, and 
thofe forts are more refracted than other^ after 
Separation, which were more refraded before 
it, ^^ in the iixjh and following Experiments, 
and if the Sun's Light be trajeded through three 
or more crofs Prifms fucceffively, thofe Rays, 
which in the firft Prifm are refraded more than 
others, are in all the following Prifms refradled 
more than others in the fame Rate and Prppor- 
tion, as appears by the fifth Experiment j it's 
manifeft that the Sun's Ligl^t is an heterogeneous 
Mixture of Rays, fome of which are conflantly 
more- refrangible than others, as was propofed. 



PROP, III. Theor. Ill 
I'he Suns Light conftjis of Rays differing 
in Reflexihility^ and thofe Rays are more 
refiexible than others which are more 
refrangible.'* 

np H I S is manifeft by the ninth and tenth 
-*- Experiments : For ii^ the ninth Experi- 
ment, by turning the Prifm about its Axis, uiv 
til the Rays within it which in going out into 
the Air were refraded by its Bafe, became fo 
oblique to that Bafe, as to begin to be^ totally 
■ * E 3 refieded 
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refleaed therebyj thofe Rays became firft of all 
totally refleded, which before at equal Inciden- 
ces with the reft had fiiffered the greateft Refra- 
<5lion. And the fame thing happens in the Refle- 
xion made by the common- Bafe of the two . 
Prifms in the tenth Experiment. 

* PROP. IV. Prob. L 

I'd feparate from one another the heteroge- 
neous Rays of compound Light, 

'X^ H E heterogeneous Rays ^re in fome mea- 
-*- fure feparated from one another by the 
Refradion of the Prifm in the third Experi- 
ment, and in the fifth Experiment, by taking a- 
way the Penumbra from the redilinear fides of 
the coloured Image, that Separation in thofe ve- 
ry redilinear fides or ftraight edges of the I- 
mage becomes perfed. But in all places be- 
tween thofe redilinear edges, thofe innumera- 
ble Circles there defcribed, which are feveral- 
ly illunainated by homogeneal Rays, by interfe- 
ring with one another, and being every where 
commix'd, do render the Light fufficientiy 
compound. But if thefe Circles, whilft their 
Centers keep their Diftances and Pofitions, could 
be made lefs in Diameter, their interfering onq 
with another, and by Confequence the Mixture 
of the heterogeneous Rays would be propor- 
tionally diminifli'd. In the twenty third Figure 
letAG, BH, CJ, DK, EL, FMbe the Cir- 
cles which fo many forts of Rays flowing from 

the 
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the fame dlfque of the Sun, do in the third Ex- 
periment illuminate; of all which and innu-^ 
merable other intermediate ones lying in a con- 
tinual Series between the two rectilinear and pa- 
rallel edges of the Sun's oblong Image P T , 
that Image "is composed, as was explained in 
the fifth Experiment. And* let dr^, bh^ ciy dk^ 
e /, fm be {o many lefs Circles lying in a like 
continual Series between two parallel right Lines 
^y and g m with the fame diftances between their 
Centers, and illuminated by the fame forts of 
Rays, that is the Circle a g with the fame fort 
by which the correfponding Circle A G was il- 
luminated, and the Circle b h with the fame fort 
by which the correfponding Circle B H was illu- 
minated, and the reft of the Circles c /, dk, f /, 
fm refpeCtively, with the Tame forts of Rays by 
which the feveral correfponding Circles C J, 
DK, EL, FM were illuminated. In the Fi- 
gure P T compofed of the greater Circles, three 
of thofe Circles A G, B H, C J, are fo ex- 
panded into one another, that the three forts of 
Rays by which thofe Circles are illuminated, 
together with other innumerable forts of inter- 
mediate Rays, are mixed at Q^ in the middle of 
the Circle B H. And the like Mixture happena 
throughout almo'll the whole length of the Fi- 
gure P T. But in the Figure p t compofed of 
the lefs Circles, the three lefs Circles ag^ bh^c /, 
which anfwer to thofe three greater, do not ex- 
tend into one another ; nor are there any where 
mingled fo much as any two of the three forts of 
Rays by which thofe Circles are illuminated, and 
' E 4 which 
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which in the Figure P T are all of them intcr^ 
mingled at B H. 

Now he that fliall thus confider it, will eafily 
underftand that the Mixture is diminifhed in 
the fame Proportion with the Diameters of the 
Circles. If the Diameters of the Qrcles whilft 
their Centers remain the fame, be made three 
times lefs than before, the Mixture will be alfo 
three times lefsj if ten times lefs, the Mixture 
will be ten times lefs, and fo of other Propor- 
tions. That is, the Mixture of the Rays in the 
greater Figure F T will be to their Mixture in 
the lefs pt^ as the Latitude of the greater Fi- 
gure is to the Latitude of the lefs. For the La- 
titudes of thefe Figures are equal to the Dia- 
meters of their Circles. And hence it eafily fol- 
lows, that the Mixture of the Rays in the re- 
fraded Spedrum pt is to the Mixture of the 
Rays in the direct and immediate Light of the 
Sun, as the breadth of that Spedrum is to the 
difference between the length and breadth of the 
fame Spedtrum. 

So then, if we would diminish the Mixture 
of the Rays, we are to diminifh the Diameters 
of the Circles, Now thefe would be diminifh- 
ed if the Sun's Diameter to which they anfwer 
eould be made lefs than it Is, or (which comes 
to the fame Purpofe) if without Doors, at \ 
great diflance from the Prifm towards the Sun, 
fome opake Body were placed, with a round 
hole in the middle of it, to intercept all the 
'Sun's Light, excepting fo much as coming 
from the uiiddle of his Body could pafs through 

that 
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that Hole to the Prifm. For fo the Circles A G, 
B H, and the reft, would not any longer anfwer 
to the whole Difqiie of the Sun, but only to that 
Part of it which could be feen from the Prifm 
through that Hole, that it is to the apparent Mag- 
nitude of that Hole view'd from the Prifm. But 
that thefe Circles may anfwer more diflindily to 
that Hole, a Lens is to be placed by the Prifm to 
caft the Image of the Hole, (that is, every one 
of the Circles AG, BH, &c.) diftinaiy upon 
the Paper at P T, after fuch a manner, as by a 
Lens placed at a Window, the Species of Ob~ 
jeds abroad are caft diftindly upon a Paper 
within the Room, and the redilinear Sides of 
the oblong Solar Image in the fifth Experiment 
became diftind without any Penumbra. If this 
be done, it will not be neceifary to place that 
Hole very far off, no not 'beyond the Win- 
dow. And therefore inftead of that Hole, I 
ufed the Hole in the Window-fhut, as fol- 
lows. 

Exfer. II. In the Sun's Light let into my 
darkened Chamber through a fmall round Hole 
in my Window-fliut, at about ten or twelve 
Feet from the Window, I placed a Lens, by 
which the Image of the Hole might be diltindly 
caft upon a Sheet of white Paper, placed at 
the diftance of fix, eight, ten, or twelve Feet 
from the Lens. For, according to the diffe- 
rence of the Lenfes I ufed various diftances, 
which I think not worth the while to defcribe. 
Then immediately after the Lens I placed a 
Prifm, by which the trajeded Light/might be 
Fcfrat^ed either upwards or fide- ways, and tliere- 
" ' by 
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by the round Image, which the Lens alone did 
caft uppn the Paper might be drawn out into a 
long one with Parallel Sides, as in the third Ex- 
periment. This oblong Image I let fall upon 
another Paper at about the fame diftance from 
the Prifm as before, moving the Paper cither 
towards the Prifm or from it, until I found the 
juft diftance where the Redilinear Sides of the 
Image became moft diftind. For in this Cafe, 
the Circular Images of the Hole, which compofe 
that Image after the fame manner, that the Cir- 
cles agy bhy ci, &c. do the Figure pt [in i%.23.] 
were terminated moft diftindly without any 
Penumbra, and therefore extended into one ano- 
ther the leaft that they could, and by confequence 
the Mixture of the heterogeneous Rays was now 
the leaft of all. By this means I ufed to form 
an oblong. Image (fuch as is />jf) [in F^g. 23, 
and 24.] of Circular Images of the Hole, (fuch 
as are ag, bh, ci, Sec.) and by ufing a greater 
or lefs Hole in the Window-ftiut, I made the 
Circular Images a g, b b, c i, &c. of which it 
was formed, to become greater or lefs at pleafure, 
and thereby the Mixture of ,the Rays in the 
Image pt to be as much, or as little as I de- 
fired. 

Illujlration. In the twenty-fourth Figure, F 
reprefents the Circular Hole in the Window- 
fhut, MN the Lens, whereby the Image or Spe- 
cies of that Hole is caft diftindly upon a Paper 
at J, ABC the Prifm, whereby the Rays are at 
their emerging out of the Lens refraded from 
J towards another Paper at p t^ and the round 
image at J is turned into an oblong Image pt 

falling 
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falling on that other Paper. This Image pt con- 
fifts of Circles placed one after another in a Hedi- 
linear Order, as was fufficiently explained in the 
fifth Experiment J and thefe Circles are equal to 
the Circle J, and confeqiiently anfwer in magni- 
tude to the Hole F; and therefore by diminifhing 
that Hole they may be at plcafure diminished, 
whilft their Centers remain in their Places. By 
this means I made the Breadth of the Image// 
to be forty times, and fometimes iixty or feventy 
times lefs than its Length. As for inftance, if 
the Breadth of the Hole F be one tenth of an 
Inch, and MF the diilance of the Lens from the 
Hole be 12 Feet; and if /B or /M the diftanqe 
of the Image pt from the Prifm or Lens be io 
Feet, and the refrading Angle of the Prifm be 
62 Degrees, the Breadth of the Image // will 
be one twelfth of an Inch, and the Length about 
fix Inches, and therefore the Length to the 
Breadth as 72 to i, and by confequence the 
Light of this Image 71 times lefs compound 
than the Sun's dired Light. And Light thus far 
fimple and homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple 
Light. For the Compofition of heterogeneal 
Rays is in this Light fo little, that it is fcarce to 
be difcovered and perceiv'd by Senfe, except per- 
haps in the indigo and violet. For thefe being 
dark Colours, do eafily fuffer a fenfible Allay 
by that little fcattering Light which ufes to be 
refraded irregularly by the Inequalities of the 
Prifm. ^ 

Yet infi:ead of the Circular Hole F^ 'tis better 
to fubflitute an oblong Hole fhaped like a long 

Paral- 
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Parallelogram with its Length parallel to the 
Prifm ABC. For if this Hole be an Inch or 
two long, and but a tenth or twentieth Part of an 
Inch broad, or narrower j the Light of the Image 
^ t will be as limplp as before, or fimpler, and 
the Image will becorpe much broader, and there- 
fore more fit to have Experiment^ tfy'd in its 
Light than before. 

Inftead of this Parallelogram Hole rpay be fub- 
ftituted a tf lingular one of equal Sides, whofe 
Bafe, for inftance, is about the tenth Part of an 
Inch, and its Height an Inch or more. For by 
this means, if the Axis of the Prifm be parallel to 
the Perpendicular of the Triangle, the Image /^ 
[in Fig. 25.] will now be form'd of equicrural 
Triangles ^^, bh\ ci^ dk^ el^ fm^ &c. and in- 
numerable other intermediate ones anfwering to 
the triangularHole in Shape and Bignefs, and lying 
one after another in a continual Series between 
two Parallel Lines af and gm. Thefe Triangles 
are a little intermingled at their Bafes, but not at 
their Vertices ; and therefore the Light on the 
brighter Side af of the Image, where the Bafes 
of the Triangles are, is a little compounded, but 
on the darker Side gm \^ altogether uncom- 
pounded, and in all Places between the Sides the 
Compofition is proportional to the diftances of 
the Places from, that obfcurer Side gm. And ha- 
ving a Spciftrum pt of fuch a Compofition, we 
may try Experiments either in its ftronger and lefs 
Junple Light near the Side af or in its weaker and 
ftmpier Light near the other Side gm^ as it fh^li 
fcem moil convenient. 

Buti 
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But in making Experiments of this kind, the 
Chamber ought to be made as dark as can be, 
left any Foreign Light mingle it felf with the 
Light of the Spedrum p /, and render it com- 
pound J efpecially if we would try Experiments 
in the more fimple Light next the S?de g m of 
the Spedrum; which being fainter, will have 
a lefs proportion to the Foreign Light ; and fo 
by the mixture of that Light be more troubled, 
and made more compound. The Lens alfo 
ought to be good, fuch as may ferve for opti- 
cal Ufes, and tht Prifm ought to have a large 
Angle, fuppofe of 65 or 70 Degrees, and to be 
well wrought, being made of Glafs free jfrom 
Bubbles and Veins, with its Sides not a little 
convex or concave, as ufually happens, but truly 
plane, and its Polifh elaborate, as iri working 
Optick-glailes, and not fuch as is ufually wrought 
with Putty, whereby the edges of the Sand- 
holes being worn away, there are left all over 
the Glafs a numberlefs Company of very little 
convex polite Rilings like Waves. The edges 
alfo of the Prifm and Lens, fo far as they may 
make any irregular Refradion, muft be covered 
with a black Paper glewed on. And all the 
Light of the Sun's-Beam let into the Chamber^ 
which is ufelefs and unprofitable to the Experi- 
ment, ought to be intercepted with black Pa- 
per, or other' black Obftacles. For otherwife' 
the ufelefs Light being refied:ed every way in 
the Chamber, will mix with the oblong Spe- 
(51rum, and help to diftuib it. La trying thefe 
Things, fo much diligence is not altogether ne- 
ceilary, but it will promote the Succefs of the 

Expe- 
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Experiments, and by a very fcrupulous Examiner 
of Things deferves to be apply'd. It's difficult, 
to get Glafs Prifms fit for this Purpofe, and there- 
fore I ufed fometimes prifmatick VelTels made 
with pieces of broken Looking-glafTes, and filled 
with Rain Water. And to increafe the Refradlion, 
I fometimes impregnated the Water ilrongly with 
Saccharum Saturni. 



PROP, V. Theor. IV. * 
Homogeneal Light is refraSed regularly 
without any Dilatation fplipting or/hatter- 
ing of the Rays, and the confufed Fijion of 
ObjeEis feen through refraEiing Bodies by 
heteroge7teal Light arifes from the diffe- 
rent Refrangibility of fever al forts of Rays, 

THE firft Part of this Propofition has been 
already fufficiently proved in the fifth Ex- 
periment, _ and will farther appear by the Experi- 
ments which follow. 

Exper. 12. In the rtiiddle of a black Paper I 
made a round Hole about a fifth or fixth Part of 
an Inch in diameter. Upon this Paper I caufed 
the Spearum of homogeneal Light defcribed 
in the former Propofition, fo to fall, that fome 
part of the Light might pafs through the Hole 
of the Paper. This tranfmitted part of the 
Light I refraded with a Prifm placed behind 
the Paper, and letting this refraded Light fall 
perpendicularly upon a white Paper twd- or 
three Feet diftant from the Prifm, I found that 

the 
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the Spedrum formed on the Paper by this Light 
was not oblong, as when 'tis made (in the third 
Experiment) by refraaing the Sun's compound 
Light, but was (fo far as I could judge by my 
Eye) perfeaiy circular^ the Length being no 
greater than the Breadth. Which ihews, that this 
Light is refraded regularly without any Dilatation 
of the Rays. 

Exper. 13. In the homogeneal Light I placed 
^ Paper Circle of a quarter of an Inch in diameter, 
and in the Sun's unrefraded heterogeneal white 
Light I placed another Paper Circle of the fame 
Bignefs. And going from the Papers to the di- 
ftance of fomeFeet, I viewed both Circles through 
a Prifm. The Circle illuminated by the Sun's he- 
terogeneal Light appeared very oblong, as in the 
fourth Experiment, the Length being many times 
greater than the Breadth ; but the other Circle, 
illuminated with homogeneal Light, appeared cir- 
cular and diflindly defined, as when 'tis view'd 
with the naked Eye. Which proves the whole Pro- 
portion. 

Exper. 14. In the homogeneal Light I placed 
Flies, and iiich-like minute Objeds, and view- 
ing ^them through a Prifm, I faw their Parts as 
diftindly defined, as if I had viewed them with 
the naked Eye, The fame Objeds placed in 
the Sun's unrefradred heterogeneal Light, which 
was white, I viewed alfo through a Prifm, and 
faw them moft confufedly defined, fo that I 
could not diftinguifh their fmaller Pares fiom 
one* another. I placed alfo the Letters of a 
fmall print, one while in the homogeneal Light, 
and then in the heterogeneal, and viewing them 



through 
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through a Prifm, they appeared in the latter Caie 
fo cohfufed and indiflina:, that I could not read 
them 5 but in the former they appeared fo diftin<5tj 
that I could read readily, and thought I faw them 
as diilind, as when I view'd them with my naked 
Eye. In both Cafes I view'd the fame Objeds, 
through the fame Prifm at the fame diftance from 
me, and in the fame Situation. There was no 
difference, but in the Light by which the Objedts 
were illuminated, and which in one Cafe was 
fimple, and in the other compound j and there-* 
fore, the diflind: Vifion in the former Cafe, and 
confufed in the latter, could arife from nothing 
clfe than from that difference of the Lights. 
Which proves the whole Propofition. 

And in thefe three Experiments it is farther 
very remarkable, that the Colour of homogeneal 
Light was never changed by the Refraa:ion. 



PROP. VI. Theor. V. 
7'he Sine of Incidence of every Ray confi- 
dered apartj is to its Sine of RefraBion 
in a given Ratio, 

THAT every Ray confider'd apart, is con- 
ftant to it felf in fome degree of Refran- 
gibility, is fufficiently manifeff out of what has 
been faid. Thofe Rays, which in |he iirft Re- 
fradion, are at equal Incidences moil refraded, 
are alfo in the following Refradions at equal 

Inci- 
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Incidences moft refraded ; and fo of the leaft 
refrangible, and the reft which have any mean 
Degree of Refrangibility, as is manifeft by the 
fifth, lixth, feventh, eighth, and ninth Expe- 
riments. And thofe which the firft Time at 
like Incidences are equally refradied, are agaii^i 
at like Incidences equally and uniformly refrad:* 
ed, and that whether they be refra6led before 
they be feparated from one another, as in the 
fifth Experiment, or whether they be refra<fle(i 
apart, , as in the twelfth, thirteenth and four- 
teenth Experiments. The Refrad:ion therefore 
of every Ray apart is regular, and what Rule that 
Refraction obferves we are now to fhew*. 

The late Writers in Opticks teach, that the 
Sines of Incidence are in a given Proportion 
to .the Sines of Refradion, as was explained in 
the fifth Axiom j and feme by Inftruments fit^ 
ted for meafuring of Refradions, or otherwife 
experimentally examining this Proportion, do 
acquaint us that they have found it accurate. 
But whilft they, not underftanding the diffe^ 
rent Refrangibility of feveral Rays, conceived 
them all to be refradied according to one and 
the fame Proportion, 'tis to be prefum'ed that 
they adapted their Meafures only to the middle 
of the refradied Light j fo that from their Mea- 
fures we may conclude only that the Rays 
which have a mean Degree of Refrangibility, 
that is, thofe which when feparated from the 
reft appear green, -are refraded according to a 
given Proportion of their Sines. And there- 

* This is vtry fully treated of in our kM.'^qx''ili%^'0'£'!^iQ' Parti. 
Se^, II, 

F fore 
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fore we are now to fhew, that the like givejj 
Proportions obtain in all the reft. That it 
fhould be fo is very reafonable, Nature being 
ever conformable to her felf ; but an experimen- 
tal Proof is defired. And fuch a Proof will be had, 
if we can fliew that the Sines of Refradion of 
Rays differently refrangible are one to another in 
a given Proportion when their Sines of Incidence 
are equal. For, if the Sines of Refradion of all 
the Rays are in given Proportions to the Sine of 
Refradtions of a Ray which has a mean D^ree of 
Refrangibility, and this Sine is in a given Propor- 
tion to the equal Sines of Incidence, 'thofe other 
Sines of Refraction will alfo be in given Propor- 
tions to the equal Sines of Incidence. Now, 
when the Sines of Incidence are equal, it will 
appear by the following Experiment, that .the 
Sines of Refradion are in a given Proportion to 
one another. 

Efcper. 15. The Sun ihining into a dark Cham- 
ber through a little round Hole in the Window- 
fhut, let S [in Fig, 26.] reprefent his round 
white Image painted on the oppofite Wall by 
his dired Light, TT his oblong coloured 
Image made by refrading that Light w^ith a 
Prifm placed at the Window 5 and p f, or 
2.p 2ty or 3^ 3 /, his oblong colour'd Image 
made by refrading again the fame Light fide- 
ways with a fecond Prifm placed immediately 
after the firft in a crofs Pofition to it, as vras 
explained in the fifth Experiment 5 that is to 
fay, p t when the Refradion of the fecond 
Prifm is fmall, zp 2t when its Refradion is 
greater, and zP Z^ when it is greateft. For 

fuch 
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fuch will be the diverfi'ty of the Refradtions, if 
the refrading Angle of the iecond Prifm be of 
various Magnitudes > fuppofe of fifteen or twen- 
ty Degrees to make the Image /»/, of thirty or 
forty to make the Image 2.p 2t^ ^nd of fixty to 
make* the Image 3/ ^t. But for want of folid 
Glafs Prifms with Angles of convenient Big*. 
heiTcs, there may be VelTels made of poliflied 
Plates of Glafs cemented together in the form of 
Prifms and filled with Water. Thefe things be- 
ing thus ordered, I obferved that all the folar 
Images or coloured Spedrums PT, /^, %p 
^ty ZP 3^ <iid very^ nearly converge to the place 
S on which the diredt Light of the Sun fell 
and painted his white round Image when the 
PrifmsVere taken away. The Axis of the Spe- 
d;rum PT, that is the Line drawn through the 
middle of it parallel to its reailinear Sides, 
did when produced pafs exadlly through the 
middle of that white round Image S. And when 
the Refradion of the fecond Prifm was equal 
to the Refradion of the firft, the refrading An- 
gles of them both being about 60 Degrees, tl^ 
Axis of the Spedrum 3/ 3^ made by that Re- 
fradien, did when produced pafs alfo through 
the middle of the fame white round Image S. 
But when the Refradion of the- fecond Prifin 
was lefs than that of the firft, the produced 
Axes of the Spedrums // or zt zp made by 
that Refradion did cut the produced Axis of 
the Spedrum TP in the points m and /?, a lit- 
tle beyond the Center of that white round I- 
mage S. Whence the proportion of the Line 
3/ T to ^e Line 3/P was a litt^reMer than 

F 2 ' - the 
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the Proportion of 2f T to 2/P, aTid this Pro- 
portion a little greater than that of / T to ^ P, 
Now when the Light of the Spedrum P T falls 
perpeDdiciilarly upon the Wall, thofe Lines 
3/T, 3/P, and2/T, 2/P, and tT, pY, are 
the Tangents of the Refradions,; and therefore 
hj this Experiment the Proportions of the Tan- 
gents of the Refradions are obtained , froni 
whence the Proportions of the Sines being de- 
rived, xhey come out equal, fo far as by view- 
ing the Spedrums, and uling fome mathemati- 
cal Reafoning I could eftimate. For I did not 
make an accurate Computation. So then the 
Propofition holds true in every Ray apart, fo 
far as appears by Experiment. And that it is 
accurately true, may be demonftrated upon this 
Suppofi-tion. l^hat Bodies refraB Light by aSiing 
upon its Rays in Lines perpendicular to their Sur- 
fm:es. But in order to this Demonftration, I muft 
dillinguijGi the Motion of every Ray into two 
Motions, the one perpendicular to the refrading 
Surface, the other parallel to it, and concerning 
the perpendicular Motion lay down the follow- 
ing Propofition. 

If any Motion or moving thing whatfoever be 
incident with any Velocity on any broad and 
thin fpace terminated on both lides by two paral- 
lel Planes, and in its PalTage through thar 
fpace be urged perpendicularly towards the far- 
ther Plane by any force which at given diftances 
from the Plane is of given Quantities 5 the per- 
pendicular velocity of that Motion or Thing, 
at is emerging out of that fpace, fliall be always 
equal to the fquare Root of the fum of' the 
3 fquare 
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Square of the perpendicular velocity ©f tlmt 
Motion or Thing at its Incidence on that fpace; 
and of the fquare of the perpendicalar veiociiy 
which that Motion .or Thing would have at Its 
Emergence, if at its Incidence its perpendicular 
velocity was infinitely little. 

And the fame Propofition holds tnie Cbf anjr 
Motion or Thing perpendicularly retarded in its 
palTage through that fpace, if initead of the fum 
of the two Squares you take their diftereiice* 
The Demonftration Mathematicians will eafily 
lind out, and therefore I {hall not trouble ths 
Reader with it. 

Suppofe now that a Ray coming moft Obliqiie- 
ly in the LineMC [in Fig. i.] be refracted at 
C by the Plane RS into the Line CN, ami if 
it be required to find the Line C E, into which 
any other Ray A C fhall be refraded ; let M C, 
AD, be the Sines of Incidence of the two Rays, 
and NG, EF, their Sines of Refradion, and 
let the equal Motions of the incident Rays he 
reprcfented by the equal Lines MC and' AC, 
and the Motion MC l3eing confidered as paral- 
lel to the refrading Plane, let the other Motion 
AC be diilinguifhed into two Motions AD 
and DC, one of which AD is parallel, and tlie 
other DC perpendicular to the refrading Sur- 
face. In like manner, let the Motions of the 
emerging Rays be diftinguilh'd into two, whereof 

the perpendicular ones are -^ CG and ^ CF. 

And if the force of the refrading Plane begins 
to ad upon the Rays either in that Plane or at 
a certain diftance from it on the one iide, and 
ends at a certain diflance frbm it on the other 

F 2 Sid e 
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fide, and in all places between thofe two limits 
ads upon the Rays in Lines perpendicular to 
that refracting Plane, and the Adions upon the 
Rays at equal diftances from the refrading Plane 
be equal, and at unequal ones either equal or un- 
equal according to any rate whatever ; that Mo- 
tion of the Ray which is parallel to the re- 
framing Plane, will fuffer no Alteration by that 
Force -, and that Motion which is perpendicular 
to it will be altered according to the rule of the 
foregoing Proportion. If therefore for the per- 
pendicular velocity of the emerging Ray CN 

you write j^gCG as above; then the perpendi- 
cular velocity of any other emerging Ray CE 
which was -g^CF, will be equal to the fquare 

Root of CD^ -+- f§i^ CG^. And by fquaring 

thefe Equals, and adding to them the Equals 
AD^ and MC^ — CD^, and dividing the 
Sums by the Equals CF^-4-EF^ and CGf -f* 

NG ^, you will have -—^ equal to j^. Whence 

AD, the Sine of Incidence, is to E F the Sine of 

Refraction, as MC to NG, that is, in a given 
ratio. And this Demonftration being general, 
without determining v/hat Light is, or by what 
kind of Force it is refracted, or aiTuming any 
tiling farther than that the refracting Body ads 
upon the Rays in Lines perpendicular to its Sur-, 
face J I take it to be a very convincing Argument 
ef the full truth of this Proportion, 

So then, if the ratio of the Sines of Inci- 
dence and Refraction .of any fort of Rays be 

found 
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Ipund in any one cafe, 'tis given in all cafes ; and 
tiiis may be readily found by the Method in the 
following Propofitiori. 

PROP. VII. Theor. VL 
7i>e PerfeBwn of Telef copes is impeded^ 
. the different Refrangibilit^ of the Rajs 




of Li^ 

HE Imperfedion of Telefcopes is vul- 
garly attributed to the fpherical Figures of 
the GlafTes, and therefore Mathematicians* have 
propounded to figure them by the conical Sedi- 
ions. To ihev^ that they are miftaken, I have in- 
ferted this Propofition 5 the truth of vi^hich will 
appear by the nieafure of the Refractions of the 
feveral forts of Rays ; and thefe meafures I thus 
determine. - 

In the third Experiment of this firft Part, 
where the refradiing Angle of the Prifm was 62 ~ 
Degrees , the half of that Angle 3 1 deg. 15 miri. 
is the Angle of Incidence of the Rays at their go- 
ing out of the Glafs into the Air "^j aiid the Sine of 
this Angle is 5 1 8^8,\the Radius being 1 0006; Wheii 
the Axis of this Prifm was parallel to the Horizon, 
and the Refraction of the Rays at their Incidence 
on this Prifm equal to that at their Emergence out 
of it, I obferved with a Quadrant the Angle which 
the mean refrangible Bays, ( that is thofe which 
went to the middle of the Sun's coloured Image) 
made with the Horizon, and by this Angle and the 
Sun's altitude obferved at the fame timx, Ifound the 

^ "*-^^^ w^f Author'/ Le^. Optic. Parti. Se£l:n. §. 29.- ■ • 

F 4 Angle 



71 O P T I C K S. 

Angle which the emergent Rays contained with the 
incident to be 44 deg. and 40 min. and the half of 
this Angle added to the Angle of Incidence 3 1 deg. 
, 15 min. makes the Angle of Refraction, which is 
therefore 53 deg. 35 min. and its Sine 8047. Thefe 
are the Sines of Incidence and Refraction of the 
mean refrangible Rays, and their Proportion in 
round Numbers is 2 o to 3 1 . This Glafs was of a 
Colour inclining to green. The lafi of the Prifms 
mentioned in the third Experiment was of clear 
white" Glafs. Its refracting Angle 63^ Degrees. 
The Angle which the emergent Rays contained, 
with the incident 45 deg. 50 mip. The S*ine of 
half the firfl Angle 5262. The Sine of half the 
Sum of the Angles 8 157. And their Proportio|i iii 
round Numbers 20 to 3 i, as before. 

From the Length of the Image, which was 
about 9I or 10 Inches, fubduCt its Breadth, which 
was 2g Inches, and the Remainder yi Inches 
Vv^ould be the Length of the Image were the Sun 
but a Point, apd therefore, fubtends the ^nglc 
which the moil and leaft refrangible Rays, when 
incident on the Prifm in the fame Lines, do 
contain with one another after their Emergence. 
Whence this Angle is 2 deg. o'. 7". For the 
diftance between _ the " Image j and the Prifm 
where this Angle is made, was i8f Feet, and 
at that diftance the Chord 7^ Inches fubtend? 
an Angle of 2 deg. o'. 7". Now half thisi Angle 
is the Angle which thefe emergent Rays .con- 
tain with the, emergent mean refrangible Rays, 
and a quarter thereof, that is 30'. 2''. may be 
accounted the Angle which they would contain 
with the fame emergent mean refrangible Rays, 

were 
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were they co-incident to them within the Glais, 
and fiilFered no other Refraction than that at their 
Emergence. For, if two equal Refradions, the 
one at the Incidence of the Rays on the Prifm, 
the other at their Emergence, make half the 
Angle 2 deg. o\j'. then one of thofe ReJfradions 
will make about a quarter of that Angle, and this 
quarter added to, and fubduded from the Angle 
of Refradion of the mean refrangible Rays, 
which was 53 deg. 35', gives the i\ngles of Re- 
fradion of the moft and leaft refrangible Rays 
54 deg. 5' 2", and 53 deg. 4' ^^'\ whofe Sines 
are 8099 and 7995, the common Angle of In- 
cidence being 31 deg. 15', and its Sine 5188; 
and thefe Sines in the leail: round Numl3ers are in 
proportion to one another, as 78 and jj to 50. 

Now, if you fubdud the common Sine of In- 
cidence 50 from the Sines of Refradion jj and 
78, the Remainders 27 and 28 fhew, thatin fmal| 
jRefradions the Refradion of the leaft refrangi- 
ble Rays is to the Refradion of the moft refran- 
gible ones, as 27 to 28 very nearly, and that the 
difference of the Refradions of the leaft refran- 
gible and moil; refrangible Rays is about the 
27kh Part of the whole Refradion of the mean 
refrangible Rays. 

Whence they that are skilled in Opticks will 
eafiiy underftand, ^ that the Breadth of the leaft 
circular Space, into which Objed-glafTes of Te- 
lefcopes can colled all forts of Parallel Rays, is 
about the 271th Part of half the Aperture of the 
Glafs, or 55th Part of the whole Aperture; and 

* This is demo7tCtratrJ. in our Author'i Lecl.bptic. Fart I. SeB, IV. 
Frop.^-j. - ■ 

that 



74 Q P T I C K a 

that the Focus of the moft refrangible Rays Is 

nearer to the Objed-glafs than the Foctm of the 

ie^ft refrangible ones, by about the 272th Part of 

<che diftance between the Objed-glafs an4 the 

.^Focus of the mean. refrangible ones.. 

And if Rays of all forts, flowing from any 
one lucid Point in the Axis of any convex Lens, 
be made by the Refraftion of the Lens to 'con- 
verge to Points not too remote fi-om the Lens, 
the Focus of the moft refrangible Rays fliall be 
nearer to the Lens than the Focus of the leafl 
refrangible ones; by a diftance which is to the 
sjith Part of the diftance of the Focus of the 
mean refrangible Rays from the Lens, as the di- 
ftance between that Focus and the lucid Point, 
from whence the Rays flow, is to the diftance be- 
tween that lucid Point and the Lens very nearly. 

Now to examine whether the Difference be- 
tween the Refradions, which the moft refrangi- 
ble and the leaft refrangible Rays flowing from 
the fame Point fuffer in the Gbjed-glaffes of Te- 
lefcopes and fuch-like Glafles, bg fo great as is 
here defcribed, I contrived the following Experi~ 
ment. 

Exper. 16. The Lens which I ufed in the fe- 
cond and eighth Experiments, being placed iix 
Feet and an Inch diftant from any Objed, col- 
lected the Species of that Objed by the mean 
refrangible Rays at the diftance of fix Feet and 
an Inch from the Lens on the other fide. And 
therefore by the foregoing Rule, it ought to col- 
lect the Species of that Objed by the leaft re- 
frangible Rays at the diftance of lix Feet and 
3i Inches from the Lens, and by the moft re- 
frangible 



BOOK I. 75 

frangible ones at the diftance of five Feet and 
lof Inches from it: So that between the two 
Places, where thefe leail and moft refrangible 
Rays colle(5t the Species, there may be the di- 
ftance of about 51 Inches. For by that Rule, 
as fix Feet and an Inch (the diftance of the Lens 
from the lucid ObjeiSt) is to twelve Feet and 
two Inches (the diftance of the lucid Objedt 
from the Focus of* the mean refrangible Rays ) 
#iat iSj as One* is to Two; fo is the 2'/\th. Part 
of* fix Feet and an Inch (the diftance between 
the Lens and the fame Focus) to the diftance 
between the Focus of the moft refrangible Rays 
and the Focus of the leaft refrangible ones, 
which is therefore 5^ Inches, that is very nearly 
5f Inches. Now to know whether this Meafure 
was true, I repeated the fecond and eighth Ex-, 
periment with coloured Light, which was lefs 
compounded than that I there made ufe ofi 
For I now feparated the heterogeneous Rays 
from one another by the Method I defcribed 
in the eleventh Experiment, fo as to make a 
coloured Spectrum about twelve or fifteen Times 
longer than brdad. This Spedrum I caft on a 
printed Book, and placing the above-mentioned 
Lens at the diftance of -fix Feet and an inch 
from this Spectrum to colle<ft the Species of 
the illuminated Letters at the fanie diftance on 
the other fide, I found that the Species of the 
Letters illuminated with blue were nearer to 
the Lens than thofe illuminated with deep 
red by about three Inches, or three and a: quar- 
ter ; l^ut the Species of the Letters illumi- 
nated \)mh indigo and violet appeared fo con- 
I fufed 
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fufed and indiftind, that I could not read them : 
Whereupon viewing the Prifm, I found it was 
full of Veins running from one end of the Glafs 
to the others fo that the.Refradion could not 
be regular. I took another Prifm therefore 
which was free from Veins, and inftead of the 
Letters I ufed two or three Parallel black Lines 
a little broader than the Strokes of the Let^ 
ters, and cafting the Colours upon thefe Lines 
in fuch manner, that the Lines ran along th# 
Colours from one end of the Spedrum to the 
other, I found that the Focus where the indigo, 
or confine of this Colour and violet caft the 
Species of the black Lines mofi: diftin(5tly, to 
be about four Inches, or 45 nearer to the Lens 
than the Focus, where the deepefl: red caft -the 
Species of the fame black Lines moll diftind-r 
ly. The violet was fo faint and dark, that I 
could not difcern the Species of the Lines di- 
fl:in(flly by that Colour j and therefore conli- 
dering that the Prifm was made of a dark co-. 
Joured Glafs inclining to green, I took another 
Prifm of clear white Glafs ; but the Spedrum 
of Colours which this Prifm made had long 
white Streams of faint Light Ihooting -out froni 
both ends of the Colours, which rnade me con- 
clude that fomething wa? amifsj and viewing 
the Prifm, I found two or three little Bubbles 
in the Glafs, which refracted the Light irregu- 
larly. Wherefore I covered that Part of the Glafs 
with black Paper, and letting the Light pafs 

throu2:h another Part of it which was free from 

,0 

fuch Bubbles, the Spedruip of Colours became 
fi-ee from thofe irregular Streams of Light, and 

was 



B O O K I. 77 

was nbw fuch as I defired. But ftill I fbfind 
the violet fo dark and faint, that I could fcarce 
fee the Species of the Lines by the violet, and 
not at all by the deepeft Part of it, which was 
next the end of the Spedrum. I fufped:ed there- 
fore, that this faint and dark Colour might be 
allayed by that fcattering Light which was re- 
fradled, and reflefted irregularly, partly by fome 
very fmall Bubbles in the Glaffes, and partly 
by the Inequalities of their Polish ; which 
Light, tho' it was but little, yet it being of a 
white Colour, might fuffice to affed: the Senfe 
fo flrongly as to difturb the Phasnomena of that 
weak and dark Colotir the violet, and there- 
fore I tried, as in the 12th, 13 th, and 14th Ex- 
periments, whether the Light of this Colour 
did not confift of a feniible Mixture of heteroge- 
neous Rays, but found it did not. Nor did the 
Refractions caufe any other fenfible Colour than 
violet to emerge ©ut of this Light, as they 
would have done out of white Light, and hy 
confequence out of this violet Light had it been 
fenfibly compounded with white Light. And 
therefore I concluded, that the reafon why I 
could not fee the Species of the Lilies diftindly ' 
by this Colour, was only the Darknefs of this 
Colour, and Thinnefs of its Light, and its di- 
ftance from the Axis of the Lens ; I divided 
therefore thofe Parallel black Lines into equal 
Parts, by which I might readily know the. di- 
ftances of the Colours in the Spedrum from 
one another, and noted the diflances of the 
Lens from the Foci of fuch Colours, as call: the 
Species of the Lines diilindly, and then conli- 

dered 
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dered whether the difference of thofe diftances 
bear fuch proportion to 5 1 Inches, the greateft 
Pifference of the diftances, which the Foci of 
the deepeft red and violet ought to have from 
the Lens, as the diftance of the obferved Co- 
lours from one another in the Spedrum bear to 
the greateft diftance of the deepeft red and 
violet meafured in the Rectilinear Sides of the 
Spedrum, that is, to the Length of thofe Sides, 
or Excefs of the Length of the Spedrum above 
its Breadth. And my Obfervations were as fol- 
lews. 

When I obferved and compared the deepeft 
fenfible red, and the Colour in the Confine of 
green and blue, which |it the Redilinear Sides 
of the Spedrum was diftant from it half the 
Length of thofe Sides, the Focus where the Con- 
fine of green and blue caft the Species of the 
Lines diftindly on the Paper, was nearer to the 
Lens than the Focus, where the red caft thofe 
Lines diftindly on it by about 25 or 2| Inches. 
For fometimes the Meafures were a little greater, 
fometimes a little lefs, but feldom varied from 
one another above | of an Inch. For it was very 
• difficult to define the Places of the Foci, with- 
out fome little Errors. Now, if the Colours 
diftant half the Length of the Image, ( mea- 
fured at its Redilinear Sides) give 2| or 25 Diffe- 
rence of the diftances of their Foci from the 
Lens, then the Colours diftant the whole Length 
ought to give 5 or 55 Inches difference of thofe 
diftances. 

But here it's to be noted, that I could not 
fee the red to the full end of the Spedrum, 

but 
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but only to the Center of the Semkifcle which 

bounded that end, or a little farther ; and there-. 

fore I compared this red not with that Colour 

which was exadly in the middie^of the Spearum, 

or Confine of green and blue, but with that which 

verged a little more to the blue than to the green: 

And as I reckoned the whole Length of the 

Colours not to be the whole Length of the 

Speaxum, but the Length of its Reajlinear Sides, 

*fo compleating the femicircularEnds into Circles, 

when either of the obferved Colours fell within* 

thofe Circles, I meafured the diftance of that 

Colour from the femicircular End of the Spe^ 

drum, and fubduaing half this diftance from 

the meafured diftance of the two Colours, I 

took the Remainder for their correded di- 

ftancej and in thefe Qbfervations fet down this 

correded diftance for the difference of the di- 

ilances of their Foci from the Lens. /Eor, as 

the Length of the Reailinear Sides of the Spe* 

arum would be the whole Length of all the 

Colours, were the Circles of which (as we 

Shewed) that Spearum confifls contraaed and 

reduced to Phyfical Points, fo in that Cafe this 

correaed diilance would be the real diflanee of 

the two obferved Colours. 

When therefore I farther obferved the deepefl 
fenfible red, and that blue whofe correaed di- 
ftance from it was Z. Parts of the Length of 
the Redilinear Sides of the Spearum, the diffe- 
rence of the diflanees of their Foci from the 
Lens was about 3^ Inches, and as 7 to 12, fo is 
3i to 5f. 

When 
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When I obferved the deepeft fenfible red, and 
that indigo whofe corredred diflance was f^ or | of 
the Length of the Rectilinear Sides of the Spe- 
ctrum, the difference of the diitances of their 
Foci from the Lens, was about 3I Inches, and as 
2 to 3, fo is 3I to 5i 

When I obferved the deepeft fenfible red, and 
that deep indigo whofe correded diftance from 
one another was ^ or t of the Length of the 
Rectilinear Sides of the SpeCtrum, the diffe-' 
• rence of the diftahces of their Foci from the 
Lens was about 4 Inches 5 and as 3 to 4, fo 
is 4 to si- 

When I obferved the deepeft. fenfible red, 
and that Part of the violet next the indigo, 
whofe corrected diftance from the red was i? 
or I of the Length of the Rectilinear Sides of the 
Spectrum, the difference of the diftances of their 
Foci from the Lens was about 4! Inches, and 
as 5 to 6, fo is 4i to 55. For fometimes, when 
the Lens was advantageoufly placed, fo that its 
Axis refpeCted the blue, and all Things elfe 
were well ordered, and the Sun llione clear, and 
I held my Eye very near to the Paper on 
which .the Lens caft the Species of the Lines, I 
could fee pretty diftinCtly the Species of thofe 
Lines by that Part of the violet which was next 
the indigo ; and fometimes I could fee them 
by above half the violet. For in making thefe 
Experiments I had obferved, that the Species 
of thofe Colours only appear diftinCt, which were 
in or near the Axis of the Lens : So that if the 
blue or indigo were in the Axis, I could fee 
their Species diftinCtly 5 and then the red ap- 
peared 
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peered muchlefs diftiiKSt than before.. 'Wherefore 
Jxontrived to make theSpe<fl:rum of Colours fhor- 
t^r than before, fo that both its Ends might be 
fearer to the Axis of the Lens. And now its 
Dehgth was about- 2t Inches, and Breadth a-' 
bout, f or y of an' Inch. Alfo inftead of the 
* black Lines on which the Spedrum was caft, I 
made one black Line broader than thofe, .that I 
might fee its Spedes more ealily j and this Line I 
divided by fhort crofs Lines into equal Parts, for 
meafuring the dirtances of the obferved Colours. 
And now I could fometimes fee the Species of 
this Line with its Diviiions almoft as far as the 
Center of the femicircular violet End of the 
Spe(5trum, and made thefe farther Obferva- 
tions. 

When I obferved the deepeft fenfible red, and 
that Part of the violet, whofe correfted diftance 
from it was about ^ Parts of the Rectilinear Sides 
of the Spe6:rum, the Difference of the diftances 
of the Foci of thofe Colours from the Lens, 
was one time 4*, another time 4?, another time 
4f Inches; and as 8 to 9, fo are 47, 4!, 4i, to 
57> S-T^^ 5^ refpedively. 

When I obferved the deepeft fenfible red, 
and deepeft fenfible violet, (the corrected di- 
ftance of which Colours, when all Things were 
ordered to the beft Advantage, and the Sun 
{hone very clear, was about H or 41- Parts of the 
Length of the Redilinear Sides of the colour- 
ed Spedrum ) I found the Difference of the di- 
ftances of their Foci from the Lens fometimes 
4| fometimes 5^, and for the moft part 5 In- 

G ch^ss 
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ekes or t;hereabouts ; and as ii to I2, or i^t^ 
i()j fo is five Inches tp 5| or 51 Inches. 

And by this Progreffipn of Experiments I fe^if- 
fied my felf, that had the Light at the very Endb 
of the Spedlrum been ftrong enough to make the 
Species of the black Lines apjgear plainly on the 
Paper, the Focus, of tl^ (feepeft. violet w6uld« 
have been foynd imf^r to th^ Lens, tha^ the 
Fociis of the deepell red, by about 5^ Inches 
at leail» And this is a 'farther Evidence^ that 
the §in.es of Incidence and Refradiion of the fe~ 
veral forts of Rays, hold the fasme Proportion tp 
one another in the fmalleft Refiradtipn^ v^hich they 
do in the greateft. . ' • > 

My Progrefs in majking this nice and trouble- 
fome Experirhent I have fet down more at large, 
that they that fhall try it after me may be aware 
of the Circumfpe<3:ion requifite to make it fuc- 
ceed well. And if they cannot make it fuc- 
ceed fo well as I did, ttey m^y notwithftand- 
ing colled: by the Prppprtipn. of the diftanee of 
the Colours of the Spe<3:rum, to the Difference 
of the diftances of their Foci fi:om the Leas, 
what would be the Succefs in the more diftai^t 
Colours by a better trial. And yet, if they uie 
a broader Lens than I did, and fix it to a long 
flrait Staff, by me^s of which it may be reir 
dily and truly direded to the Colour whofe Fo? 
cus is defired, I queflion not but the Experir 
ment will fucceed better with them than it did 
with me. For I direded the Axis as nearly as, I 
could to the middle of the Colours, and thm 
the faint Ends of the Spedrum being remote 
from the Axis, call their Species lefs diilindly 

I on 
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on the Paper tHan they would have done, had the 
Axis been facceffively diredled to them. 

Now by what has.been faid, it's certain that the 
Rays which differ inRefrangibility do not converge 
to the fame Focus j but if they flow from a lucid 
Point, as far from the Lens on one fide' as their 
Foci are on the other, the Focus of the moft re- 
frangible Rays fhall be nearer to. the Lens than that', 
of the leaft refrangible, by above the fourteenth 
Part of the whole diftance j and if they flow from 
a lucid Point, fo very remote from the Lens, that 
before their Incidence they may be accounted pa- 
rallel, the Focus of the moft refrangible Rays ^fhall 
be nearer to the Lens than the Focus of the l^ft 
refrangible, by about the 27th or 28thPaft of their 
whole diftance-from it. And the Diameter of the 
Circle in the middle Space between thofktwo 
Foci which they illuminate, when they fall there 
on ally Plane, perj^endicular to the Axis (which 
Circle is the leafl into which they can all be ga- 
thered ) is about the 55th Part of the Diameter 
of the Aperture of the Glafs^ So that 'tis a won- 
der, that Telefcojpes reprefeht Objects, fo diilind: 
as they do. But were all the Rays of Light 
equally refrangible,, .the Error arifmg only frorn 
theSphericarnefs of the Figures of Glaffes v^ould 
be many htiridred times lefs. For, if the Objea:- 
glafs of a Telefcbpe be Plano-convex, and the 
Plane fide be turned towards the Objed, and 
the Diameter of the Sphere, whereof this Glafs 
is a Segment, be called D, and the Semidiame- 
ter of the Aperture of the Glafs be called S, and 
the Sine of Incidence out of Glafs into Air, be 
to the Sine of Refradion as I to R j the Rays 

G 2 which 
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which come parallel to the Axis of the Glafs, fhdl 
in the Place where the Image of theObjed: is moft 
diftindtly made, be fcattered all over a little Circle, 

Rq •Scub. ,0, ' 

whofe Diameter is — X very nearly, * as 

i^ D quad. t . 

I gather by computing the Errors of the Rays by 
the Method of infinite Series, and rejeding the 
Terms; whofe Quantities are inconfiderable. As 
for inftance, if the Sine of Incidence I, 'be to the' 
Sine of Refraaion R, as 20 to 3 1, and if D the 
Diameter of the Sphere, to which the Convex- 
fide of the Glafs is ground, Be 100 Feet or 1200 
Inches, and S the Semidiametcr of the Aperture be 
two Inches, the Diameter of the little Circle, 

(that IS ^ ) v^ill be — ^ , — (or 

V Jqy.Dquad. 20 X 20X I200X i2op 

961 \ 



72000000 ^ Parts of an Inch. But the Diameter of 

the little Circle, through which thefe Rays are 

fcattered by unequal Refrangibility, will be about 

the 55th Part of the Aperture of the Objed-glafs, 

which here is four Inches. And therefore, the 

Error arifing from the Spherical Figure of the 

Glafs, is to theError arifing from the differentRe- 

961 + 1. • 

frangibility of the Rays, as to - . that is 

o J .. •'' ' 7^000000* 55 ~ 

as I to 5449 ; and therefore, being in comparifon 
fo very little, deferves not to be confidered. 

But you will fay, if the Errors caufed by the 
diiferent Refrangibility be fo very great, how 
comes it to paS, that Objeds appear through 
Telefcopes fo diftind as they, do ? I anfwer, 'tis 

* How to do this; is Jhepn in our AuthorV Led. Optic. Part I. 
Sfi^i. IV. Prop. 31. 

becaufe 
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becaufe the erring Rays are riot fcattered uni- 
formly over all that Circular Space, but colleded 
infinitely more denfely in %lie Center than in 
any other Part of the 'Circle, and in the .Way 
from the Center -.to the Circumference, grow 
continually rarer and rarer, fo as at the Circum^ ' 
ference to becorne infinitely rarej and by rea- 
•^fdn of their Rarity are not ilrong.enougji to be 
vifible, unlefs in the Centjer and very near it. 
Let ADE [in Fig, 27.] reprefent one of thofe 
Circles defcribed with the Center C, and Semi- 
diameter. AC, and let BFG be a fmaller Circle, 
concentrick to the former, cutting with its Cir^^ * 
cumference the Diameter AC in B, and bifed: 
AC in Nj and by my reckoning, theDenfity of 
the Light in any Place B, will be to its Denfity 
in N, as AE to BC ; and the whole Light, with- 
in the lefier Circle BFG, will be to the whole 
Light within the greater A ED, as the Excefs 
of the Square of A C above the Square of A B, • 
is to the Square of AC. As if B C be the fifth 
Part of AC, the Light will be four times den- 
fer in B than in N, and the whole Light within 
the lefs Circle, will be to the whole Light with- ■ 
in the greater, as nine to twenty-five. Whence 
it's evident, that the Light within the lefs Cir- 
cle, muft ftrike the Senfe much more ftrongly, 
than that faint and dilated Light round' about 
between it and the Circumference of the grea- 
ter. 

But it's farther to be noted, that the mcil lu- 
minous of the Prifmatick Colours are the yel- 
low and orange. Thefe afiedl the Senfes more 
ilrongly than all the reft together, and ns::Ax to 
' G 3 thefi 
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thefe in ftrength are the red and green. The 
blue compared with thefe is a faint and dark 
Colour, and the indigo and violet are much 
darker and fainter, fo that thefe compared with 
the ftronger Colours are little to be regarded. 
The Images of Objeds are therefore to be pla^ 
ced, not in the Focus of the mean refrangible 
Rays, which are in the Confine of *green and, 
blue, but in the Focus of thofe Rays which are 
in the middle of the orange and yellow j there 
where the Colour is moft luminous and fulgent, 
that is in the brighteft yellow, that yellow which 
inclines more to orange than to green. And 
by the Refradion of thefe Rays (whofe Sines of 
Incidence and Refradion in Glafs are as 17 and 
11) the Refradion of Glafs and Cryflal for Op- 
tical Ufes is to be meafured. Let us therefore 
place the Image of the Objed in the Focus of 
thefe Rays, and all the yellow and orange will 
fall within a Circle, whofe Diameter is about 
the 250th Part of the Diameter of the Aperture 
of the Glafs. And if you add the brighter half 
of the red, (that-half which is next the orange ) 
and the brighter half of the green, ( that half 
which is next the yellow) about three fifth 
Farts of the Light of thefe two Colours will 
fall within the fame Circle, and two fifth Fa|ts 
will fair without it round about j and that which 
falls without will be fpread through almoft as 
much more fpace as that -which falls within, 
and fo in the grofs be almoft three times rarer. 
Of the other half of the red and green, (that is 
of the deep dark red and willow green) about 
one quarter will fall within this Circle, and 

three 
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tliree quarters witliout, aitd that which falls 
without will be fpread through about four or 
five times more fpace than that which falls with- 
in ; and fo in the grofs* be rarer, and if com - 
pared with the whole Light within it, will be" 
about 25 times rater than all that taken in the 
grofs; or rather more than. 30 or 40 times r#- 
rer, becaufe the deep red in the en'd , of thfe 
Spedrum of Colours made by a Prifm is very- 
thin and raiie', and the willow green is fome- 
tking rarer than the orange and yellow. Thie 
Light of thefe Colours therefore being fo very 
much rarer than that within the Circle, will 
fcarce aiffed: the Senfe, efpecially fince the deep 
red and willow green of this Light, are much 
darker Colours than the reft. And for the fame 
reafbn the blue and violet being much darker 
Colours than thefe, and much more rarified, 
rhay be neglefted. For the denfe and bright 
Light of the Circle, will obfcure the rare and 
weak Light of thefe dark Colours round about 
it, and render them almoft infeniible. The 
fehiible Image of a lucid Point is therefore 
fcarce broader than a Circle, whofe Diameter is 
the 250th Part of the Diameter of the Apetture 
of the Objeift-glafs of a good Telefcope, or not 
much broader, if you except a faint and dark mifty 
Light round about it, v!rhich a Spedator will 
fcarce regard. Arrtl therefore in a Telefcope, 
whofe Aperture is foiir Inches, and Length ah 
hundred Feet, it exceeds not 2" 45'", -or 3^. And 
in a Telefcope v/hofe Aperture is twcJ Inches, 
and Length 20 or 36 Feet, it may be 5" or 6", 
and fcarce above. 'And this anfwei's well to 

G 4 Expe- 
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Experience: For fome Aftronomer^ have found 
the Diameters of the fix*d Stars, in Telefcopes 
of between 20 and 60 Feet in length, to be a- 
bout 5" or 6", or at moft 8" or 10" in diame- 
ter. But if the Eye-Glafs be tinded faintly 
with the Smdak of a Lamp or Torch, to ob- 
scure the Light of the Star, the fainter Light 
in the Circumfererice of the Star ceafes to be 
vifible, * and the Star ( if the Glafs be fufficiently 
foiled with. Smoak) appears fomething more 
like a mathematical' Point. And for the faijie 
Reafon, the enormous Part of the Light in the 
Circumference of every lucid. Point ought to be 
lefs difcernible in fhorter Telefcopes than in lon- 
ger, becaufe the fhorter tranfmit lefs Light to the 
Eye.* 

Now, that the fix'd Stars, by reafon of their 
immenfe Diftance, appear like Points, unlefs fo 
far as their Light is dilated by Refraftion, may 
appear from hence ; that when the Moon pafTes 
over them and eclipfes them, their Light vanifhes, 
not gradually like that of the Planets, but all at 
once J and in the end of the Eclipfe ' it .returns 
into Sight all at once, or certainly in lefs time 
than the fecond of a Minute ; the Refradion of 
the Moon's Atrnofphere a little protrading the 
time in which the Light of the Star firll vaniihes, 
and aftierwards returns into Sight. 

Now, if we fuppofe the fenfible Image of a lu- 
cid Point, to be even 250 times narrower than 
• the Aperture of the Glafs j yet this Image would 
be ftill much greater than if it were only frorh 
the fpherical figure of the Glafs. For were 
it not for the different Refrangibility <?f the 

Rays, 
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Rays, its breadth in an 100 Foot Telefcopc 

whofe aperture is 4 Inches, would be but -^ . 

■* ' 72OOOCO0 

parts of an'tnch, as is manifeft by the.foregoing 
Computatiox^. And therefore in this cafe the 
greateil Errors arifing from the ipherical Figure 
of the Glafs, would be to the greateft fenfible 
Errors arifing from the diiferent ReCrangibihty 

of the Rays as jj^ to ^-^ at moft, that is on- 
ly as i to 1200. And this fufficiently fhews that 
it is not the fpherical Figures of GlaiTes, but the 
different Refrangibility of the Rays which bin- 
ders the perfection of Telefcopes. 

There is another Argument by which it may 
appear that the diiferent Refrangibility of Rays, 
is the true caufe of the imperfedion of Tele- 
fcopes. For the Errors of ,, the Rays arifing from 
the fpherical Figures of Objed-glafTeSj are as the 
Cubes of the Apertures of the Objed: GlafiTes; 
and thence to make Telefcopes of various 
•Lengths magnify with equal diftindnefs, .the 
Apertures of the Objed-glafies, and the Charges 
or magnifying Powers ought to be as the 
Cubes of the fquare Roots of their lengths 5 
which doth not anfwer to Experience. But 
the Errors of the Rays arifing from the different 
Refrangibility, are as the Apertures of the Ob- 
jed-glafies J and thence to make Telefcopes of 
various lengths, magnify with equal diflindnefs, 
their Apertures and Charges ought to be as the* 
fquare Roots of their lengths ; and this anfv/ers 
to Experience, as is well known. For Inftance, 
a Telefcope of 64 Feet in lengthj with an Aper- 

2 ' ture 
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ture of 2 1 Inches, magnifies about 120 tiiiie^ 
with as much diflindnefs as one of a Pbot in 
length, with 1. of an Inch aperture, ^magnifies ic 
times. , 

Now were it. not for this different Refrangi- 
bility of Rays, Telefcopes might be brought to 
a greater perfection than we have yet defcrib'd, 
by compofmg the . Obje<a-gkfs of two Glafie's 
with Water between them. Let A D F G [in Fig. 
28.] reprefent the Objed:-glafs compofed of -two 
GlalTes ABED and BEFG, alike convex on the' 
outfides AGD and CHF, and alike concave 
.on* the infides BME, BNE, with Water in 
the concavity BMEN. Let the Sine of Inci- 
dence out of Glafs into Air be as I to R, and 
out of Water into Air, as K to R, and by con^ 
fequence out of Glafs into Water, as I to K: 
and let the Diameter of the Sphere to which the 
convex fides AGD and CHF are ground bfe 
D, and the Diameter of the Sphere to which 
the concave fides BM£ and BNE, ate ground 
be to D, as the*Cube Root of KK— KI to the 
Cube Root of RJC— RI: and the Refraaions 
on the concave fides of the GlafTes, vvill very 
much correa the Errors of the Rfefradions on 
the convex fides, fo far as they arife from the 
fphericalnefs of the Figure. And by this means 
might Telefcopes be brought to fuffigient per- 
feftion, were it not for the different Refrangi- " 
. bility of feveral forts of Rays. But by reafon 
of this different Refrangibility, I do not yet fee 
any other means of improving Telefcopes by 
Refractions alone, than that of increafing their 
lengths, for which end the late Contrivance of 

Hugenius 
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Mugenius feenis 'VYell aecommodated. For very 
long Tubes are cutnbeFfome, and fcarce to be 
readily managed, and by reafon of their length 
are very apt to bend, and fliake by bending, fo 
as to caufe a continual trembling in the Objeds, 
whereby it becomes difficult to fee them diftinct- 
ly: v^hereas'by his Contrivance the Glailes are 
readily manageable, and the Objea:-glafs being 
iix'd upon a ftrong upright Pole becomes more 
fteady. • 

Seeing therefore the Improvement of Tele- 
fcopes of given lengths by Refradions is defpe- 
rate J I contrived heretofore a Perfpedive by 
Reflexion , ufmg inflead of an Objed-glafs a 
concave Metal. The diameter of the Sphere 
to which the Metal was ground concave was a~ 
bout 25 Englifi Inches, and by c6nfequence 
the length of the Inftrument about fix Inches 
and a quarter. The Eye-glafs was Plano-con- 
vex, and the diameter of the Sphere to which 
the convex fide was ground was about r of an 
Inchi or a little lefs, and by confequence it 
magnified between 30 and 40 times. By ano-r 
ther way of meafuring I found that it magnified 
about 35 .times. The concave Metal bore an 
Aperture of an Inch and a third partj but the 
Aperture was limited: riot by. an opake Circle, 
covering the Limb of the Metal round about, . 
but by an opake Circle placed between the Eye- 
glafs and the Eye, and perforated in the mid- 
dle with a little round hole for the Rays to pafs 
through to the Eye. For this Circle by being 
placed here, ftopp'd much of the errroneous 
Light, wl^ch otherwife would have diilurbed 

the 
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the Vifion. By comparing it with a pretty good. 
Perfpedive of four Feet in length, made with 
a concave Eye-glafs, I could read at a greater, 
diftance with my own Inftrument than with the 
Glafs. Yet Objeds appeared much darker in 
it than in the Glafs, and that partly becaufe 
more Light was loft l>y Reflexion in the Metal, 
than by Refradion in the Glafs, and partly .be- 
caufe my Inftrument was -overcharged. Had it 
magnified but 30 or 25 times, it would have 
made the Objedt appear more brisk and pleafant. 
Two of thefe I made about 16 Years ago, and 
have one of them ftill by me, by which,! can 
prove the truth of what I write. Yet it is not 
fo good as at the firft. For the concave has been 
divers times tarniihed and cleared again, by rub- 
bing it with very foft Leather. When I made 
thele an Artift in London undertook to imitate it; 
but ufing another w^ay of polifhing them than I 
did, he fell much fhort of what I had attained 
to, as I afterwards underftood by difcourfing 
the Under-workman he had employed. The 
Polifti I .ufed was in this manner. I had 
two round Copper Plates, each fix* Inches in 
Diameter, the one convex, the other concave, 
ground very true to one another. On the con- 
vex I ground the Objed-Metal or Concave 
which was to be polilh'd, 'till it had taken the 
Figure of the Convex and was ready for a 
Poliih. Then I pitched over the convex very 
thinly, by dropping melted Pitch upon it, and 
warming it to keep the Pitch foft, whilft I 
ground it with the concave Copper wetted 
to make it fpread eavenly ail over dbe convex. 

Thus 



B O O K I pj 

Thus by working it well I made it as thin as a 
Gro^t, and after the convex was cold I ground 
it again to give it as true a Figure as I could. 
Then I took Putty which I had made very fine 
by wafhing it from all its groffer Particles, and 
laying a little of this upon the Pitch, I ground 
it upon the Pitch with the concave Copper, till 
it had done making a Noifej and then upon the 
Pitch I ground the Pbje(3:-Metal with a brisk 
motion, for about two 'or three Minutes of 
time, leaning hard upon it. Then I put frefh 
Putty upon the Pitch, and ground it again till it 
had done making a noife, and afterwards ground 
the Obje<3:-Metal upon it as before. And this 
Work I repeated till the Metal -was polifhed, 
grinding it the laft time with all my ftrength 
for a good while together , and frequently 
breathing upon the Pitchy to keep it moift with- 
out laying on any more frelh Putty. The Ob- 
jed:-Metal was two Inches broad, and about one 
third part of an Inch thick, to keep it from 
bending. I had two of thefe Metals, and when 
I had polifhed them both, I tried which was 
beft, . and ground the other again^ to fee if I could 
make it better than that which I kept. And 
thus by many Trials I learii'd the way of po- 
lifhing, till I made thofe two refleding Perfpe- 
d;ives I fpake of above. For this Art of po- 
lifhing will be better learn'd by repeated Pra- 
d:ice than by my Defcription. Before I -ground 
the Objed-Metal on the Pitch, I always ground 
the Putty on it with the concave Copper, till it 
had done making a noife, becaufe if the Parti- 
cles of the Putty were not by this means made 

to 
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to ftick fail in the Pitch, they would by roHing 
up and down gra't^ and fret the Objed^MetaLand 
fill it full' of little holes. 

But becaufe Metal is more difficult to polilh 
than Glafs, and is afterwards very apt to he 
fpoiled by tarnifhing, and refle<fts not fo much 
Light as Glafs quick-filver'd over does : I would 
propound to ufe inftead of the Metalj a Glafs 
ground concave on the fbreiide, and as much 
convex on the back-fide, and quick-filver'd o- 
yer on the convex fide. The Glafs mufl be e^ 
very where of the fame thicknefs exadily. O- 
therwife it will make Objed:s look coloured and 
indiflind:. By fuch a Glafs I tried about five or 
fix Years ago 'to make a refle<5ting Telefcope of 
four Feet in length to magnify about 150 times, 
and I fatisfied my felf that there wants nothing 
but a good Artifl to bring • the Defign to perfe- 
d:ion. For the Glafs being wrought by one of 
our London Artifls after fuch a manner as. they 
grind Glafles for Telefcopes, thdugh it feemed as 
well wrought as the Obje6t-glaffes ufe to bie, yet 
when it was quick-filver'd, the Reflexion difi 
covered innumerable Inequalities all over the 
GJafs. And by reafon of thefe Inequalities, Ob- 
je(fts appeared indifl:m<a in this Inflrument. For 
the Errors of reflected Rays caufed by any Ine- 
quality of the Glafs, are about fix times greater 
than the Errors of refraded Rays caufed by 
the like Inequalities. Yet by this Experiment 
I fatisfied my felf that the Reflexion on the 
concave fide of the Glafs, which I feared would 
difturb the Vifion, did no fenfible prejudice to 
it, and by confequenc^ that nothing is wanting 

to 
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lo perfed: tbefe Telefcopes, but good Workmea 
who can grind and polifh Glaffes truly fpherkah 
An Obje<5t-glafs of a fourteen Foot Telefcope, 
made by an Artificer at London, I once mended 
i^onfiderably, by grinding it on Pitch with Put- 
ty, and leaning very eafily pn it in the grinding, 
kft the Putty fliould fcratch it.* Whether this 
way may not do well enough for polifhing thefe 
r Aiding Glaffeg, I have not yet tried. But ht 
t\m ihaU try eitt^r this or any other-way of po- 
Jifliing which he may think better, may do well 
to make his Glaffes ready for polifhing, by grind- 
ing them without that Violence, wherewith our 
JLondon Workmen prefs their. Glaffes in grinding. 
For by fuch violent preffure, Glaffes are ape t© 
bend a little in the grinding, and fuch bending 
will certainly fpoil their Figure. To^ recom- 
mend therefore the coniideration of thefe refi€<a- 
ing CUafles to fuch Artifts as are curious in fii 
guring Glaffes, I fhall defcribe this optical Inftrii- 
ment in the following Propofition. 



PROP. Vm. Prob. li 

% port en l*ekf<:opes. 

LET ABDC [mFig.2().] reprefcnt a Gla£s 
fpherically concave on the forefide ABj and 
as much convex on the backfide CD, fo that 
it be every where of an equal thickneJfe. Let it 
not be thicker on one fide than on the othec, 
left it mglle Objeds appear colour'd and indir 
■ flind, 
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flind:, and let it be very truly wrought and 
quick-filver'd over on the backfidej and fet in 
the Tube VXYZ which muft be very black 
within. Let EFG reprefent a Prifm of Glafs 
or Cryftal placed near the other end of the 
Tube, in the middle of it, by me^ns of a han- 
dle of Brafs or •Iron FGK, to the end of which 
made flat it is cemenc^. Let this Prifm be 
redangular at E, and let the other two Angles 
at F and G be accurately equal to each other,, 
and by confequence equal to half right ones, 
and let the plane fides FE and GE be fquare, 
and by confequence the third fide FG a redan- 
gular Parallelogram , whofe length is to its 
breadth in a fubduplicate proportion of two to 
one. Let it be fo placed in the Tube, that 
the Axis of the Speculum may pafs through the 
middle of the fquare fide EF perpendicularly 
^nd by confequence through the middle of the 
fide FG at an Angle of 45 Degrees, and let the 
fide EF be, turned towards the Speculum, and 
the 4iftance of this Prifm from the Speculum 
be fuch that the Rays of the Light PQ, RS> &c. 
which are incident upon the Speculum in Lines 
parallel to the Axis thereof, may enter the Prifm 
at the fide EF, and be refleded by the fide 
FG, and thence go out of it through the fide 
GE, to the point. T, which muft be the com-* 
mon Focus of the Speculum ABDG^ iid of a 
Plano-convex Eye-glafs H, through which thofe 
Rays muft paf^ to the Eye. And let the Rays at 
their coniing out of the Glafs pafs through 
a fmall round hole, or aperture made in a lit- 
tle plate of Lead, Brafs, or Silver,' wherewith 

the 
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the Gkfs is to be covered, which hole muft be 
no bigger than is neceflary for Light enough to 
pafs through. Fof fo it will render the Object 
difl:in(5t, the Plate in which 'tis made intertept- 
ing all the erroneous part of the Light which 
comes from the verges of the Spectilurh AB. 
Such an Inftrument well made, . if it be fix Foot 
longi (reckoning the length from the Speculum 
to the Prifm, and thence to the Focus T ) will 
bear an aperture of fix Inches at the Speculum, 
and magnify between two and three hundred 
times. But the hole H here limits the aperture 
with more advantage, than if the aperture was 
placed at the Speculum. If the Inftrument. be 
made longer or {horter, the aperture muft be in 
proportion as the Cube of the fquare-fquare Root 
of the length, and the magnifying as the aper- 
ture. But it's convenient that the Speculum be 
an Inch or twa broader than the aperture it the 
.leaft, " and that the Glafs of the Speculum be 
thick, that it bend not in the working. The 
Prifm EFG muft be no bigger than is necefTary, 
and its back fide FG muft not be quick-filver'd 
over. For without quickfilver it will reflect all 
the Light incident on it from the Speculum. 
' In this Inftrument the Objcd will be inverted, 
but may be eredled by making the fquare fides 
FF and EG of the Prifm EFG not plane but 
fpherically convex, that the Rays may crofs 'as 
well before they come at it as afterwards between 
it and the Eye-glafs. If it be defired that the 
Inftrument bear a larger aperture, that may be 
alfo done by compofing the Speculum of two 
Glaftes with Water between them. 

H If 
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If the Theory of making Telefcopes could at 
length be fully brought into Prad:ice, yet there 
would be certain Bounds beyond which Tele- 
fcopes could not perform. For the Air through 
which we look upon the Stars, is in a perpetual 
Tremor j as may be feen by the tremulous Moti- 
on of Shadows call from high Towers, and by 
the twinkling of the iix'd Stars. But thefe Stars 
do not twinkle when viewed through Telefcopes 
which have large apertures. For the Rays of 
Light which pafs through divers parts of the 
aperture, tremble each of them apart, and by 
means of their various and fometimes contra'ry 
Tremors, fall at one and the fame time upon dif- 
ferent points in the bottom of the Eye, and their 
trembling Motions are too quick and confufed to 
be perceived feverally. And all thefe illuminated 
Points Gonilitute one broad lucid Point, com- 
pofed of thofe many trembling Points confufed- 
fy and infenfibly mixed with one another by very. 
Ihort and fwift Tremors, and thereby caufe the 
Star to. appear broader than it is, and without' 
any trembling of the whole. Long Telefcopes 
may caufe Objects to appear brighter and larger 
than iliort ones can do, but they cannot be fo 
formed as to take away that epnfufion of the 
Rays which arifes from the Tremors of the At- 
mofphere. The only Remedy is a mojft ferene 
and quiet Air, fuch as may perhaps be found on 
the tops of the higheft Mountains above the grof- 
fer Clouds. 
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PROP. I. Theor. I. 

77je Ph{cnomena of Colours in refraBed or 
reflcBed Light are not caujed by nms) 
Modifications of the Light varioufiy im^ 
frefsdy according to the various letmi-* 
nations of the Light and Shado-Wi 



The Proof, by Experiments. 



Exper. I. 



O R if the Sun fliine ijito a 
very dark Chamber through 
an oblong hole F, [in Fig. i J 
whofe breadth is the fixth or 
eighth part of an Inch, or fomething lefs 3 and 
hts beam FH do afterwards pafs irjfl through a 

H 2 v^-y 
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very krge Prifoi ABC, diftant about 20 Feet 
from the hole, and parallel to it, and then ( with 
its white part ) through an oblong hole H, whofe 
breadth is about the fortieth or fixtieth part of 
an Inch, a'nd which is made in a black opake 
Body GI, and placed at the diftance of two or 
three Feet from therPriim, in a parallel Sitaa- 
t ion both to the Frifni and to' the fornier h.0le, 
and if this white Light thus tranfmitted through 
the hole H, tall afterwards upon a white Paper 
;/;z',^Hlriced after that hole H-, Jtnthe diflance-of 
difee'^or four Feet from it, an| there paint thd 
Lifital' Colours oJF the P-rlfm, feippofe red 'at ,/;■ 

yellow. at i, green at r, blue, at ^, and violet 

at p J you may widi an Iron Wire, or any iucH 
like rfender opake Body, whoft breadth is a- 
boirt-the tentlvpart of an Inch,, by intercepting 
the Rays at /-, /, m,.noi'o, take away any one 
of tlie Colours at t\ s, r, q or /, whilft the other 
Corpnrs,- remain upon the Paper as before ; or. 
with an Obftacie^' iomething fcigger you "may 
tak. away any two,' or three, or -four Colours 
too^ether, the reil remaining : So that any one 
of^the Colours as well as violet may become 
outmoft in the Confine of the Shadow towards 
/?, and any one of them as well as red ma.y be- 
come outmoft in the Confine of the Shadow to- 
wards f, and any one of them may alfo bor- 
der upon the Shadow made within fthe Colours 
by the Obftacle R intercepting fbme interme- 
diate part of the Light ; and, laftly, any one of 
them by being left alone, may border upon the 
Shadow on either hand. > All the Colours hav& 
thetnfelves indiiferently' to any Confines of Sha-. 
" ' I dow. 
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.d<5W, and therefore the differences of thefe ^Co- 
lours from one another, do. not, srife from . the 
different Confines of Shadow -,,: whereby. ;iUghr 
is varioully hiodified, as . has hitherto, been the 
'Opinion of Philofophers. In trying thefe things 
■Ms tq be obferved, that by how much tjie holes 
F and H are narrower, and the Intervals- ber. 
,-$ween r them and the Prifm greater, and .the 
yphamber darker^ by fo . much, the better, doth the 
.Experiment fucceed; provided the Light bp 
jnot fo far diminished, but that the Coloiirs. ^t 
ipt be fufficiently vifible. To procure a, Prifm 
of jlolid Glafs large enough for this Experiment 
will be difficult, and therefore a prifmatick Vef- 
'iel muft be niade of polifli'd Glafs Plates ce- 
mented together,- and filliod with, fait Water or 
clear Oil. ' .. 

. \Eoffer. 2.,. The Sun's Light -let into .a dark 
Ch^mjjer through the round hole F, [in Fig. 2.] 
half an Inch wide, paffed firft through the Prifm 
iVBC placed at the hole, and then through a 
LenSr^PT fomething more than fou; Inches 
'hr-md* ^nd about eight Feet diftant from the 
fjrifm, ,and thence converged to O the Focus 
jof ;the Lens diftant from it about three Feet, 
?ir|d there fell upon a white Paper DE. ^ If .that 
Paper was perpendicular to that Light incident 
ppon it, as 'tis reprefented in the poilure DE, 
aliV the Colours upon it at O appeared white. 
^Ut if the Paper being turned about an Axis 
parallel to the Prifm, became very much incli- 
jned to the Light, as 'tis reprefented in the Po- 
fidons /ies.rA h\y .the fame Light in the one 
cafe appeared vellow and red, in the other blue, 
;: ' 11.3 Here 
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Here one and the fame part of the Light mom 
und the fame place, according to the various In- 
clinations of the Paper, appeared in one cafe 
white, in another yellow or red, in a third blue, 
whilft the Confine of Light and Shadow, and 
the Refradions of the Prifm in all thefe cafes 
remained the fame. 

Exper.'^. Such another Experiment mtay be 
more eafily tried as follows. Let a broad beam 
of the Sun's Light coming into a dark Clmm- 
ber through a hole in the Window-fbut be re- 
fradted by a large Prifm ABC, [in i%. 3.] 
whofe refradiing Angle C is more than 6© De^ 
grees, ^nd fo foon as it comes out of the Prifm, 
let it fall upon the white Paper DE glewed up- 
on a fliiF Plane J and this Light, when the Pa- 
per is perpendicular to it, as 'tis reprefented in 
DE, will appear perfedly white upon the Pa- 
per j but when the Paper is very much inclin'd 
to it in fuch a manner as to keep always paral- 
lel to the Axis of the Prifm, the whiter^s of 
the whoie Light iipon the Paper will according 
to the inclination of the Paper this way or that 
way, change either into yellow and red, as in 
the pofture de, or into blue and violet, as in • 
the pofture (Tf. And if the Light before it fall 
upon the Paper be twice refra<^ed the fame 
way by two parallel Prifms, thefe Colours will 
become the more confpicuous. Here all tMe 
middle parts of the broad beam of white Light 
which fell upon the Paper, did without any 
Confine of Shadow to modify it, become eo* 
lour'd all over with one uniform Colour, |he 
Colour being always the fame in the middle ' of 

thcs 
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the Paper as at the edges, and this Colour chan- 
ged according to the various Obliquit;y pi" the 
r^flec^ling Paper, without any change in the Re- 
fr^dions or Shadow, or in the Light which fell 
upon the Paper. And therefore thefe Colours 

. are to be derived from fome other Caufe than the 
new Modifications of Light by Refracfiions and 

" Shadows. 

If it be alked, what then is their Caufe ? I 

, ■ anfwer, That the Paper in the pofture de, being 
more oblique to the more refrangible Rays than 
to the lefs refrangible ones, is more ftroiigly illu- 
minated by the latter than by the former, and 
therefore the lefs refrangible Ray-s aj-e ipredomi- 
hant in the refleded Light: And where-evef 
they are predominant in any Light, they tinge \t 
with red or yellow, as -may in fome meafure ap-. 

■ pear by, the fi,ril Propoiition of the firil Part of 

this Book, and will more fully appear hereafter. 

' And the contrary happens in the poilure of the 

Paper ^i, the more refrangible Rays being then 

. predominant which always tinge Light with 
blues and violets. 

Exper 4. The Colours of Bubbles v/ith which 
Children play are various, and change their Si- 
tuation varibuily., without any refped to any 
Confine or Shadow. If fuch a Bubble be co- 
' ver'd with a concave Glafs, to keep it from be- 
ing agitated by any Wind or Motion of the Air, 
the Colours will flowly and regularly change 
their Situation, even whilfl the IJye and tne 
Bubble, and all Bodies which emit any Light, 
•or cafl: any Shadow , remain unmoved. And 
therefore their Colours arife from feme rec;idar 
• , H 4 . Caufe 
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Caufe which depends not on any Confine of Sha- 
dow. What this Gaufe is will be fhewed in the 
ilext Book. 

To thefe Experiments may be added the 
tenth Experiment of the firft Part of this firft 
Book, where the Sun's Light in a dark Room be- 
ing trajeded through the parallel Superficies of 
two Prifms tied together in the form of a Paralle- 
lopipede, became totally of one uniform yellow 
or red Colour, at its emerging out of the Prifms. 
Here, in the produdion of thefe Colours, the" 
Confine of Shadow can have nothing to do. 
For the Light changes from white to yellow, 
orange and red fucceffively, without any alte- 
ration of the Confine of Shadow : And at both 
edges of the emerging Light where the con- 
trary Confines of Shadow ought to produce 
different Effeds , the tolour is one and the 
fame, whether it be white, yellowy o'range or 
red : And in the middle of the emerging Light, 
where there is no Confine of Shadow at all, the 
Colour is .the very fame as at the edges, the 
wjiple Light at its very firfl Emergence being of 
one uniform Colour, whether white, yellow, 
orange or red, and going on thence perpetual- 
ly without any change of Colour, fuch as the 
Confirie of Shadow is vulgarly fuppofed to work 
in refraded Light after its Emergence. Nei- 
ther can thefe Colours arife from any new Mo- 
difications of the Light by Refradions, becaufe 
they change fucceffively from white to yellow, 
orange and red, v/hile the Refradions remain 
the fame, and alfo becaufe the Refradions are 
made conti'ary ways by parallel Superficies which 

deftroy 
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deftroy one another's EfFeds. They arife not 
therefore from any Modifications of Light made 
byRefraaions and Shadows, but Have fome other 
Caufe. What that Caufe is we {hewed above in 
this tenth Experiment, and nee4 not here re- 
peat it. , 

There is yet another material Circumftanee of 
this Experiment. For this emerging Light being 
by a third Prifm HIK [in Fig. 22. Parti.] re- 
fraded towards the Paper PT, and there painting 
the ufual Colours of the Prifm., red, yellow, green, 
blue, violet : If thefe Colours arofe from the Re- 
fradions of that Prifm modifying the Light, they 
would not be in the Light before its Incidence on 
that Prifm. And yet in that Experiment we 
found, that when by turning the two firft Prifms 
about their common Axi| all the Colours were 
made to vanifh but the red; the Light which 
makes that red being left alone, appeared of 
the very fame red Colour before its Incidence 
on the third Prifm. And in general we find 
by other Experiments, that when the Rays 
which differ in Refrangibility are feparated from 
one another, and any one Sort of them is con- 
fidered apart, the Colour of t-he Light which 
they compofe cannot be changed by any Re- 
fradion or Reflexion whatever, as it ought to 
be were Colours nothing elfe than Modifica- 
tions of Light caufed by Refradions, and Re- 
flexions, and Shadows. This Unchangeablenefs 
of Colour I am now to defcribe iii the following 
Propofition. 

PROP. 
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PROP. IL The OR. II. 

All homogeneal Light has its proper Colour 
anfwering to its Degree of Refrangihi- 
lity^ and that Colour cannot be changed 
by Reflexions and RefraBions-, 

IN the Experiments of the fourth Propolition 
of the firft Part of this firfl Book, when I had 
leparated the heterogeneous Rays from one ano- 
ther, the Spedrum pt formed by the feparated 
■Rays, did in the.Progrefs from its End/, on which 
the moft refrangible Rays fell, unto its other 
End t, on which the- leaft refrangible Rays fell, 
appear tinged with this Series of Colours, violet, 
indigo, blue, green, ydllow, orange, red, together 
with all their intermediate Degrees in a continual 
SuccefTion perpetually varying. So that there ap- 
peared as many Degrees of Colours, as there were 
forts of Rays differing in Refrangibility. 

Exfer.^. Now, that diefe Colours coiild not be 
changed by Refradion, I knew by refracting with 
aPrifm fometimes one very little Part of thisLight, 
fometimes another very little Part, as is defcrined 
ip the twelfth Experiment of the firit Part of this 
Book. For by this Refradion the Cplour of the 
Light was never changed in the leaft. If any 
Part of the red Light was refraded, it remained 
totally of the fame red Colour as before. No 
orange, no yellow, no green or blue, no other 
new Colour, was produced by that Refradion. 
Neither did the Colour any ways change by 
repeated Refradions, but continued always the 

• fame 
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fame red entirely as at firft. The like Con- 
ik^ncy and Immutability I found alfo in the blue, 
green, and other Colours. So alfo, if I looked 
through a.Prifm upon any Body illuminated with 
any Part of this homogeneal Light, as in the four^ 
teenth Experiment 01 the firfl Part of this Book 
is defcribedj I could not perceive any new Co- 
lour generated this way. All Bodies illumina- 
ted with compound Light appear through Prifms 
confufed, (as was faid above) and tinged v/ith 
various new Colours, but thofe illuminated wjtli 
homogeneal Light appeared through Prifrns 
neither lefs diftind:, nor otherwife colour'd, 
than when viewed with the naked Eyes, Their 
Colours were not in the leafl changed by the 
Refraftion of the interpofed Prifm. I fpeak 
here of .a fenfible Change of Colour : For the 
Light which I here call homogeneal, being not 
abfolutely- homogeneal, there ought to arife 
fome little Change of Colour from its Hetero-. 
geneity. But, if that Heterogeneity was fo lit- 
tle as it might be made by the faid Experiment^ 
of the fourth Proportion, that Change was not 
fenfible, and therefore in Experiments, where 
Senfe is Judge, ought to be accounted none 
ar all. 

Exfer, 6. And as thefe Colours were not 
changeable by Refractions, fo neither "were they 
by Reflexions. For all white, grey, red, yel- 
low, green, blue, violet Bodies, as Paper, Aihes, 
fed Lead, Orpiment, Indico, Bife, Gold, Sil- 
ver, Copper, Grafs, blue Flowers, Violets, 
Bubbles of Water tinged with various Colours, 
Peacock's Feathers, the Tindure of Ligmm 
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Nephriticum^ and fuch-likc, in red homogeneal 
Light appeared totally red, in blue Light tptally 
blue, in green Light totally, green, and £o of .other 
Colours. In the homogeneal Light of any Co- 
lour they all appeared totally of that fame Co- 
lour, with this only Difference, that fome of them 
reflected that Light more ftrongly,. others more 
faintly. I never yet found any Body, which. by 
reflecting homogeneal Light could fenfibly change 
its Colour. . , 

From all which it is manifeft, that if the Sun's 
Light confifled of but one fort of Rays, there 
would be )5ut one Colour \i\ the whole World, 
nor would it be poffible to produce any newCo- 
lour by Reflexions and Refractions, and by confer 
quence that the Variety of Colours depends upon 
the Compolition of Light. 

DEFINITION. 

^ I ^HE homogeneal Light and Rays which 
j | appear red, or rather make Objects ap- 
pear fo, I call Rubrifick or Red-making ; thofe 
wiiich make Objects appear yellow, green, blue, 
and violet, I call Yellow-making, Gresen-i^iakin^ 
Blue-making, Violet-making, and fo of the ,rei^. 
And if at any-time I fpeak of Light and Rays 
as coloured or endued with Colours,. I. would 
be underftood ,to fpcak not philofophic^Uy and 
properly, • but groily, and accordingly to fuch 
Conceptions as vulgar People in feeing; all thefe 
Experimerxts v^'ould be 'apt to frame. For thp 
Rays to fpeak properly- are not coloured. , In 
them there is nothing elfe than a certain Power 

and 
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andDifpofition to ftir up aSenfatioii of this or that 
Colour. For as Sound in a Bell or mufical String, 
or other founding Body, is nothing but a trem- 
bling Motion, and in the Air nothing but that 
Motion propagated from the Objecft, and In the 
Senforium 'tis a Senfe o£ that Motion under the 
Form of Sound j fo Colours in the Objed: are no- 
thing but a Difpofition to reflect this or that fort 
of Rays more eopioufly than the reft ; in the 
Rays they -are nothing but their Difpolitions to' 
propagate this or that Motion into the Senforium, 
and in the Senforium they are Senfations of thofe' 
Motions under the Forms of Colours. 



Pi^OP. III. Prob. I. 

To define the Refmngibiliiyof the- fevej^ai . 
forts of homogemal Light affwermgrjoj 
the Jeveral ^Colours, ^ • ■' / ' 

FOR: determining this Problem I. made tl:e' 
following Experiment. * . ■ " 

Exper.j. When I had caufed the Redilinear 
Sides AF, GM, [in P%. 4.] of the Spedrum'of 
Colours made by the Prifm to be- di?Hn£Hy de-* 
fined, as in the fifth Experiineht of the firft Part* 
of this Book is defcribed, there were found in it 
all the homogeneal) Colours in- the fame Order 
and Situation one among another as in the 
Spectrum of fimple Light, defcribed in the 
fourth Propofition of that Fart. For the Cir- 
cles of wliich the Spe6trum of compound Light' 

* Seeour-AM^<yi':'L<ia. Obuc Farm. Ssa.lL p. 2^9. 

. -: : ) ^ . ' P T 
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PT kccttiipof^d, and whkh in themiddkPam 
of tlie Spettnim inferfere^ aiid are intermixed with 
one another, are liot intermixed in theif oatmoft 
Farts where they touch thofe Redilinear Sid^ 
AF and GM. And therefore, in thofe Reifti- 
linear Sides when diftln<aiy defined, there is no 
new Colour generated by R.efrad:kMi< I obierved 
alfo, tlMt if any wbere between the ttvo ou^tinoft 
Circles TMF and PGA a Right Line, as ^ », 
was crofs to' the Spedtrum, fo as both Ends to 
fall perpendicularly upoft its Redilinear Syes, 
tliere appeared one and the fame Colour^ and de« 
gree of Colour from one j^nd of this Line to 
the ^ther. I delineated therefore in a Paper 
the Perimeter of the ^e<Kj[m I^Ap GMT, 
and in tryii]^ the third Experiment of the firft 
Part of this Book, I held the Paper fb that 
the Sped:rum might fall upcM this delittelted 
Figure, and- agree with it exadily, whilft an 
Alliitant, whofe Eyes for diftingui|hing Colours 
were more critical than mine, did by Right 
/Lines a0,,y^, t^y &c, ■drawn crofs the Spe- 
drum, note the Confines of the Colours, that 
is of the red M a/S F, dfthe orange ayi0y 
of the yellow > g C ^, of the green g « 9 ^, of the 
blue «u9, of the indico lA^wx, and of the vio- 
let aGA^. And this Operation being divers 
times repeated both in the fame, and in feveral 
Papers, I found that the Gbfervations agreed 
well enough with one another, and that the 
Rearilinear Sides MG and FA were by the faid 
crofs Lines divided after the manner of a Mufi- 
eal Chord. Let GM be produced to X, that 
MX may be equal to GM, and conceive 
2 . GX, 
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GX, aX, iX, nX, sX, 3.x, aX, MX, to be 
in proportion to one another, as the Number's, 
I, 1, 1., 1, |, f, 1*7, 4, and fo to reprefent the Chords 
of the Key, and of a Tone, a third Minor, a 
fourth, a fifth, a iixth Major, a feventh and an 
eighth above that Key : And the Intervals Ma, 
cty, ye, €«, m, iA, and AG, will be the Spaces 
which the feveral Colours ( red, orange, yel-' 
low, green, blue, indi*go, violet) take up. 

Now thefe Intervals or Spaces fubtending the 
Differences of the Refradions of the Rays go- 
ing to the Limits of thofe Colours, 'that is, to 
the Points M, a, -y^ g, w, <, A, G, may without 
any fenfible Error be accounted" proportional 
to the Differences of the Sines of Refraction of 
thofe Rays having one common Sine of Inci- 
dence, and therefore fince the common' Sine of 
Incidence of the mofl and leafl refrangible Rays 
out of Glafs into Air was ( by a Method defcri- 
bed above) found in proportion to their Sines 
of Refradion, as 50 to yy and 78, Sivide the 
Difference between the Sines of Refradion yy 
and 78, as the Line GM is divided by thofe 
Intervals, and you will have 77, yjr, yy\^ yy\^ 
77t> llh 77ly 7S, the Sines of Refradion of thofe 
Rays out of Glafs into Air, their common Sine 
of Incidence being 50. So then the Sines of 
the Incidences of all the red-making Rays out 
of Glafs into Air, were to the Sines of. their Re- 
fra(ftions, not greater than 50 to yy^ nor lefs- 
than 50 to yyxy but they varied from one ano- 
ther according to all intermediate Proportions. 
And the Sines of the Incidences of the greenr 

makins 
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making Rays were to the Sines of their Refradli- 
ons in all Proportions from that of 50 to jj^.^ 
unto that of 50 to jj^. And by the like Limits 
above-mentioned were the Refradtions of ' the 
Rays belonging to the reft of the Colours de- 
fined, the Sines of the red-making Rays extend- 
ing from 77 to jj{, thofe oi the orange-making 
from 77:1- to jfj^^ thofe of the yellow-making' 
from 77f to 77;,- thofe 'of the green-making 
from 'jj^ to jyi;^ thofe of the blue-making from 
']j'i to 'jj\, thofe of the indigo-making from 
77 i to 'jji^ and thofe of the violet from 77Z. "to 

Thefe are the Laws of the Refradtlons made 
out of Glafs into Air, and thence by the third 
Axiom of the iirft Part of this Book, the Laws of 
the Refradions made out of Air into Glafs are ea- 
fily derived. 

Expcr. 8. I found moreover, that when Light 
goes out of Air through , feveral contiguous re- 
fraaing Mediums as .through Water and Glafs,- 
and thence goes out again into Air, vs^hether 
the refra ding Superficies be parallel or inclind 
to one another, that Light as pft^n as by con- 
trary Refradions 'tis fo correded, that it emer- 
geth in Lines parallel to thofe in which it was 
incident, continues eyer after to be white. But 
if the emergent Rays be inclined to the inci- 
dent, the .Wliitenefs of the emerging Light will 
• by degrees in pafling on from the Place of Emer- 
gence, become tinged in its Edges with Co- 
lours. HiIs I try'd by refrading Light with 
Prifms of Glafs placed within a Prifmatick Vef- 
fel of Water. Now thofe Colours argue a di- 
verging 
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verging and feparation of the heterogeneous Rays 
from one another by means of their unequal Re- 
fractions, as in what follows will more fully, ap- 
pear. And, on the contrary, the permanent 
whiten^fs argues, that in like Incidences of the 
• Rays there is no fuch feparation of the emerging 
Rays, and by confequence no inequality of their 
whole Refradions. Whence I feem to gather 
the two following Theorems. 

1. The Excefles of the Sines of Refradion of 
feveral forts of Rays above their common Sine of 
Incidence when the Refractions are made out of 
divers denfer Mediums immediately into one and 
the fame rarer Medium, fuppofe of Air, are to 
one another in a given Proportion. • 

2. The Proportion of the Sine of Incidence 
to the Sine of Refradion of one and the fame 
fort of Rays out of one Medium into another, 
is compofed of the Proportion of the Sine of 
Incidence to the Sine of Refra6:ion out of the 
firft Medium into any third Medium, and of the 
Proportion of the Sine of Incidence to the Sine 
of Refradiion /)ut of that third Medium into the 
fecond Medium. • 

By the firfl Theorem the Refraftions of the 
Rays of every fort made out of any Medium in- 
to Air are known by having the Refraction of 
the Rays of any one fort. As for inftance, if 
the Refradions of the Rays of. every fort out 
of Rain-water into Air be deiired, let the com- 
mon Sine of Incidence out of Glafs into 'Air be 
fubduaied from the Sines of Refradion, and 

I -the 
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the Excefles will be 27, 27^, 27^, 271, 27* 
27 1, 27 1, 28. Suppofe now that the Sine of 
Incidence of tKe leaft refrangible Rays be to 
their Sine of Refra(5tion out of Rain-water into 
Air as 3 to 4, and faj as i the difference 5f thofe 
Sines is to 3 the Sine of Incidence, fo is 27 thet 
leaft of the ExcefTes above-mentioned to a fourth 
Number 8 1 ; and 81 will be the common Sine of 
Incidence put of Rain-water into Air, to which 
Sine if you add all the abovementioned Exceffcs, 
you will have the defired Sines of the Refractions 
JO'S, io8f, io8f, io8j, 108', io8|, io8|, 
109. 

. By the latter Theorem the Refraftion out of 
one Medium into another is gathered as often 
as you have the Refradions out of them both in- 
to any third Medilim. As if the Sine of Inci- 
dence of any Ray out of Glafs into Air be to its 
Sine of Refradion, as 20 to 3 1, and the Sine of 
Incidence of the fame Ray out of Air into Wa- 
ter, be to its Sine of Reira(9:ion as 4 to 3;. the 
Sine of Incidence of that Ray out of Glafs into 
Water will he to its Sine of Refraction as 20 to 31 
and 4 to 3 jointly, that is, as thg Factum of 20 
and 4 to the FaClum of 3 1 and 3, or as 80 to 93. 
And thefe Theorems being admitted into Op- 
tlcks, there would be fcope enough of hand- 
ling that Science voluminoufly after a new mari- 
ner *j not only by teaching thofe things which 
tend to the perfedion of Vifion, but alio by 
determining mathematically all kinds of Phae- 
nomena of Colours which could be produced 

* Js is dene in our Author'/ Lea. Optic. Part I. Seii. III. ani 
IV. *ndPart\i:^ea.lh 

• by 
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by Refra<5tions. For to do this, there is nothing 
elfe .requifite than to find out the Separations of. 
heterogeneous Rays, and their various Mixtures 
and Proportions in every Mixture. By this way 
of arguing I invented almoll: all the PhjEnomena 
defcribed in thefe Books, belide fome others lefs 
neceffary to the Argument 5 and by the fucceffes 
I met with in the Trials, I dare promife, that to 
him who ihall argue truly, and then try ail things 
with good Glaffes and fufficient Circumfpedion, 
the expected Event will not 'be wanting. But he 
is firft to know what Colours will arife from any 
others mix'd in any affigned Proportion. 

PROP. IV. Theo-r. III. . 

Colours may be produced by Compofttion 
which 'pall be like to the Colours of homo- 

• geneal Light as to the Appearance of Co- 
lour^ but not as to the Immutability of 
Colour and Conftittltion of Light. A7id 
thofe Colours by how much they are more 
compounded by fo much are they lefs full 
and intenfe^ and by too much Compofttion 
they may be diluted and weaken d tfll they 
ceafe^ and the Mixture becomes white or 
grey. 'There may be alfo Colours produced 
by .Compoftionj which ^ are not fully like 
^^y ^f ^^^ Colours of homogeneal Light. 

FOR a Mixture of homogeneal red and yel- 
low compounds an Orange, like in appea- 
r 2 * ranee 
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ranee of Colour to that orange which in the 
feries of unmixed prifmatick Colours lies betweea 
them J but the Light of one orange is homogeheal 
as to Refrangibility, and that of the other .is he- 
terogeneal, and the Colour of the one, if viewed 
through a Prifm, remains unchanged, that of 
the other is changed and refolved into its compo- 
nent Colours red and yellow. And after the fame 
manner other neighbouring homogeneal Colours 
may compound new Colours, like the in- 
termediate hombgeneal ones, as yellow and green, 
the Colour between them both, and afterwards, 
if blue be added, there will be made a green 
the middle Colour of the three which enter the 
Compofition. For the yellow and blue on either 
hand, if they are equal in quantity they draw the 
intermediate green equally towards themfelves in 
Compofition, and fo keep it as it were in ^^qui- 
librio, that it verge not more to the yellow on the 
one hand, and to the blUe on tlje other, but' by 
their mix'd Aaions remain ftill a middle Colour. 
To this mix'd green there may be farther added 
fome red arid violet, and yet the green will not 
prefently ceafe, but only grow lefs full and vivid, 
and by increafmg the red and violet, it will grow 
more and more dilute,, until by the prevalence of 
the added Colours it be overcome and turned into 
whitenefs, or fome other Colour. So if to the 
Colour of any homogeneal Light, the Sun's white 
Light compofed of all forts of Rays be added, 
that Colour will not vanifli or change its Species, 
but be diluted, and by adding rnore and more 
white it will be diluted more and more perpetu- 
ally. Laftly, If r^d an4 violet be mingled* there . 
2 will 
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will be generated according to their various Pro- 
portioBS various Purples, fuch as are not like in 
appearance to the Colour of any homogeneal 
Light, and. of thefe Purples mix'd with yellow 
and blue may be made other ne^Y Colours. 



PROP. V. The OR. IV. 

Whitemjs and all grey ColoUrs between 

white and blacky may be compounded of 

Colour s-i and the whitenefs of the Suns^ 

Light is compounded of- all the primary* 

Colours mi£d in a due Proportion, 

, • ■■ - . • 

The Proof by 'Experiments. 

Exper, p.Tp H E Sun fhining into' a. dark Cham- 
•*- ber through a little round hole in 
the Window-fhut, and his Light. being there 
refraded by a Prifm to caft his coloured Image 
PT [in Fig. 5.] upon the oppofite Wall ; I held 
a white Eaper V to that Image in fuch manner 
that it might be illuminated by the colour'd 
Light refleS^d from thence, and yet not inter- 
cept any part of that Light in- its paiTage from 
the Priim to the Spedi-um. And I found that 
when the Paper was h'eld nearer to any Colour 
than to the reft, 'it appeared of that Colour to 
which it approached neareft-; but when it was 
equally or almoft equally diftant from all the 
Colours, fo that it might be equally illumina- 
ted by them all it appeared white. And in this 
laft lituation of the Paper, if jfome Colours were 

I 3 inter- 
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intercepted, the Paper loft its white Colour, and 
appeared of the Colour of the reft of the Light 
which was not intercepted. So then the Pa- 
per was illuminated with Lights of -various Co- 
lours, namely, .red, yellow, green, blue and 
violet, an*d every part of the 'Light retained its 
proper Colour, until it was incident on the Pa- 
per, and became refledled thence to the Eye; 
io that if it Jiad been either alone ( the • reft of 
the Light being intercepted) or if it had a- 
bounded oioft, and been predominant in the 
Light rciicdcd from the Paper, it would have 
•tinged the Paper, with its own Colour; and yet 
'being mixed with the reft of the Colours in a 
due proportion, it made the l^aper look white, 
and therefore by a Cqmpofition with the reft 
produced that Colour. The feveral parts of 
the coloured Light refleded from the Spedrum, 
whilft they are propagated from thence through 
the Air, do perpetually retain their proper Co- 
lours, becauife wherever they fall upon the Eyes 
of any Spedatbr, they make the feveral parts of 
the Spedrum to appear under, their proper Cq- 
lours. ■ They retain therefore their proper Co* 
lours when they fall upon the Paper V, and fo 
by the confufion and perfed: mixture of thofe 
Colours compound the whitenefs of the Light 
reflcdcd from thence. * * 

Exj>cr. ID. Let that Spedriim or folar Image 
FT [in Fig. 6.] fall now upon the Lens MN" 
above four Incljes broad, and about fix Feet di- 
itant from the Prilm ABC and fb figured thats 
1 1 may caufe the coloured Light which diverg-: 
cdi frcin the Prifm to converge -^nd meet again 

3 U 
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at its Focus G, about fix 'or eight Feet diftant 
from the Lens, and there to fall perpendicularly 
upon a white Paper DE. And if you move 
this Paper to and fro, you will perceive that 
near 'the Lens, as atV^, the whole iblar Image 
(fuppofe at//) will appear upon it inteftfely 
coloured after the manner above-explained, aod 
that by receding from the Lens »thofe Colours 
Will perpetually come towards one another, and 
by. mixing more and more dilute one another 
continually, 'until at length the Paper come to' 
the Focus G, where by a perfed: mixture' they 
will wholly .vanifh and be converted mtb v^hite- 
nefs, the whole Light appearing now upon the 
Paper like a little white Circle. And after- 
wards by receding farther from the Lens, the 
Rays* which betore converged will now 'crpfs 
one another in the Focus G, and diyerge from 
thence, and thereby make the Colours to appear 
again, but yet in a contrary order^ fuppofe at 
^g, where the red t is now above which before 
was below, and th^ violet p is below which be- 
fore was above. 

Let us now ftop the Paper at the Focus G, 
where the Light appears totally white and cir- 
cular, and let us conlider its whitenefs. I iay, 
that this is compofed of the converging Colours.^ 
For if any of thofe Colours be intercepted iat 
the Lens, ttie whitenefs will ceafe and degene- 
rate -into that Colour which arifeth from the 
compoiition of the other Colours which are not 
intercepted. And then if the intercepted Co- 
lours be let pafs and fall upon that compound 
Colour, they mix with it* and by their mixture 
■ I 4 . • .reilore 
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ftore the whkenefs. /So if the violet, blue and 
green be intercepted, the remaining yellow, 
orange and red wiil compound .upon the Paper 
an orange, and then |f the intercepted Colours 
be let pafs, they will fall upon this compounded 
orange, and together with it decompoutid a 
white. So alfo if the red and violet be inter- 
cepted, the remaining yellow, green and blue* 
will compound a green upon the Paper, and 
then th^ red and violet being let pafs y/iil fall up- 
qn this green, and together with it decompound 
a white. And that in this Conipofitictti of white 
the Several Rays do Hot fulFer any Change in their 
colorific Qualities by aiding upon one another, 
but are only mixed, and by a mixture of their. 
Colours produce white, may farther appear by 
thefe Arguments. 

If the Paper be placed beyond the- Focus G, 
fuppofe at >g, and then the red Colour at the 
Lens be alternately intercepted, and let pafs a- 
gain, the violet Colour on the Paper will not fi^f- 
fer any Cbingc thereby, as it ^ught to do if the 
feveral forts of Rays aded upon one another in 
the Focus G, where they crofs, Neither will 
the rifcd upon the Paper be changed by any alter- 
nate flopping, and letting pafs the violet which 
croffeth it. 

And if, the Paper be placed at the Focus G, 
and the white round Image at Q be viewed 
through the Prifm HIK, and by the Refraction 
of that Prifin be iranflated to the place rv^ and 
there appeartinged with, various Colours, nan^- 
ly, the violet at -u.and red at r, and others be- 
tween, and then the r£d Colours at the Lens 

• be 



BOOK I. 121 

• 

be often ftopp'd and let pafs by turns, the red 
at r will accordingly diiappear, and return as of* 
ten, but the violet at ^ wul not thereby fuffer arrjr 
Change. . And fo by flopping and letting pafs 
alternately the blue at the Lens, the blue at- "o 
will accordingly difappear and return, without 
any Change made in the red at r. The red there- 
fore depends on one' fort of Rays, and the Wiie 
on another fort, which in the Focus G where 
they are commix'd; do* not adt on one another. 
And tha:€ is the fame Reafon of the other Co- 
lours. . • • 

I confidered farther, that when the rtioft re- 
frangible Rays P/, and the leaf! refrangible 
ones T t\ are by converging inclined to one ano- 
ther, the Paper, if held very oblique to thofe 
Rays in the Focus G, might refledt one fort of 
them more copioufly than the other Tort, and 
by that Mean^ the refleded Light would be 
tinged in that Focus w^ith the Colour of the pre- 
dominant Rays, provided thofe Rays feverally 
retained their Colours, or colorific Qualities in 
the Compofition of -White made by them in that 
Focus. But if they did not retain them In that 
.White, j5Ut became all of them feverally endued 
there with a Difpofition to flrike the Senfe with 
the Perception of White, then they could never 
loTe their Whitenefs by fuch Reflexions. I in- 
clined therefore the Paper to the Rays very oblique- 
ly, as in the fecond Experiment of this fecond Part 
of the firllBook, that the moft refrangible Rays 
'might be more copioufly refleded than the reft, 
and the Whitenefs at Length changed fucceftively 
into blue, indigo, and violet. Then I inclined;k 

. . 'f the 
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the contrary Way, that the leaft refrangible Rays 
might be more copious in the reflededXight than' • 
the reft, and the Whitehefs 'turned fucceffively to 
yellcfw, orange, and red. ;■ . 

Laftlyj I made an Inft rumen t. X Y in fafhiOn 
of a Comb, whofe. Teeth being in number fix- 
teen, were about an Inch and an half broad, and 
the Intervals of the Teeth about two Inches 
wide. Then by interpofmg fucceffively the 
Teeth of this Inftrument near the Lens, I intei;- 
cepted Part of the Colours by the interpofed 
Tooth, whilft the reft of them went on through 
the Interval of the Teeth to thePaper DE, and 
there painted a round Solar Image. But the Pa- 
per I had firft placed {Oy that the Image might 
appear white as often as the Comb was taken 

• away j and then the Comb being as was faid in- 
terpofed, that Whitenefs by reafon of the inter- 
cepted Part of the Colours at the Lens did al- 
ways change into the Colour compounded of" 
thofe Colours which were not intercepted, and 
that Colour was by the Motion*- of the Comb 
perpetually varied fo, that in the paffing of every 
Tooth* over the Lens all, thefe Colours, red, yelr 
low, green, blue, and purple, did always fuc- , 
ceed one another. I cdufed therefore all the 
Teeth to pafs fucceffively over the Lens, and 
when the Motion was flow, there appeared *a 
perpetual Succeflion of the Colours upon the 
Paper : But if I fo much accelerated the Mo- 
tion, that the Colours by reafon of their quick 

•Succeflion could not be diftinguiflied from one* 
another, the Appearance of the Angle Colours 
ceafed. There was .no red^ no yellow, no 

green, 
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green, no blue, nor purple to be feen any lon- 

* ger, but from a. Confufion of them* all there a-* 
roie one unifornj white Colour. Of the Light 
which now by the Mixture of all the Coloursap-i 
peared white, there was no Part, really white. 
One Part was red, another yellow, a third green, 
a fourth blue, a fifth purple, and every Part re- 
tains its proper Colour till it ftrike the Senf(>- 
rium.* If the impreffions follow one another 
flowly, fo that thej^imay be feverally perceived^ # 
there is made a diftind; Senfation of all the Co- 
lours one after another in a continual SUccefi 
fion. But if. the Impreffions follow one aiio- 
ther fo quickly, that tliey cannot be feverally 
perceived, there arifeth out. of them all on^ 
common Senfation, which is neither of this 
Colour alone nor of that alone, but hath it felf 
indifferently to 'em all, and this is a Senlation 
of Whitenefs. By the Quicknef$of the SucceJp 
fions, the Impreffions of the feveral Colours are 
confodnded in the Senfbrium,^ and out of'that 
Confufion arifeth a mix^ Senfation. If a burn- 
ing Coal be nimbly, moved round in a Circle 
with Gyrations continually repeated, the whole 

• Circle will appear like Fire ; the reafon of which 
is, that the Senfation of the Coal in the feve- 
ral Places of that Circle remains imprefs'd on 
the Senforium, until the Coal return again to 
the fame Place. And fo in a quick Confecu- 
tion of the Colours the Impreffion of every Co- 
lour remains in the Senforium, until a Revolu- 
tion of all. the Colours be complcated, and that 
firfl Colour return again. The Impreffions there- 
fore of all the fucceiuve Colours are at once' in 

.the 
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the Senforium,. and jointly ftir up a Senfation of 
them alls aftid fo k is manifeft by this Experi-* 
nient, that the commix'd Impreilions of ail the 
Colours do flir up and beget a Seniation of wHite, 
that is, that Whitenefs is compounded of all the 
Colours. '\ . 

And if the Comb be now taken away, that all 

the Colours may at ottce pafs from the Lens to 

the Paper, and be there intermixed, and'toge- 

^ ther,refle<aedthen1:etotheSpe<5tator*sEyes} their 

* Impreilions on the Senforium being now more 
fubtUly and perfedly commixed 3iere, ought 
miich more to flir up a ScSiiation of White- 

.'. Yqu qiayinfte^d of the Lens ufe two Prifms 
jfllK and LMN,* wliich by refracting the co- 
loured Light the contrary Way to thdt of the 
£rft Refradion, may make the diverging Rays 
converge and meet again in G, as you fee repre- 
iented in the feyenth Figure. For where they 
m^t^i mix, they will «onapofe a white»Light, 
as when a Lens is*ufedi • * 

. Exper. 1 1. Let the Sun's coloured Image P T 
[in'i%. 8.] fall upon the ^^^11 of a dark Cham- 
ber, as in the third Ex:perimcnt of the firft Book, . 
and let i^e fame be viewed through a Prifm 

• akcy held parallel to the Prifm. ABC, by whofe 
Refradion that Image was made, and let it now 
appear lower than before, fuppofe in the Place 
S over-againil the red Colour T. And if you 
go near to the Image PT, the Spe'drum S will 
appear oblong and coloured like the Image PT; 
but if you recede from it, the Colours of the 
Spedrum S will be contraded more and more, 

and 
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and at length vanifh, that Spectrum S becomirig 
pgrfe6lly round" and white ; and if yod recede yet 
farther, the Colours will emerge again, but in a . 
contrary Order. Now that Spedrum S appears* 
white in that Cafe, when the* Rays of feveral 
forts which converge from the feveral Parts of 
the Image PT, to "the Prifm abc, are ^o re- 
fraded unequally by it, that in their Tt{[zgQ 
from the Prifm to the Eye they may diverge! 
from one and the fame Point of the Spedrum 
. Sy and fo fall afterwards upon one and the 
fame Point in the bottom of the Eye, and there 
be mingled. , 

And farther, if the Comb be here made-ufe of, 
by whofe Teeth the Colours at the Image PT 
may be fucceflively intercepted -, the Spectrum S, 
when the Comb is moved flowly, will be perpe- 
tually tinged with fucceffive Colours: But when 
by accelerating the Motion of the Comb, the 
Succeffion of the Colours is fo quick*that they 
cjannot be feverally feen, that Spectrum S, by a 
confufed and mix'd Senfation of them 'all, will 
appear white. . 

Ex^er. 12. The Sun fhining ^ through a large 
Prifm ABC [in Fig. q.] upon a Comb XY, 
placed immediately behind the Prifm, his Light 
.which pafTed through the Interflices ' of the * 
Teeth fell upon a white Paper BE. The 
•Breadths of the Teeth were equal to their In- 
terftices, and feven Teeth together with their 
Interftices took up an Inch in Breadth. Now, 
when the Paper was about two or three Inches 
diflant from the Comb, the Light which paf- 
fed through its feveral Interftices painted fo 

many 
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many Ranges of Colours, kl^ mn, op, qr^ dec. 
which were parallel to one another, and conti- 
guous, and without any Mixture of white. An3 
• thefe Ranges of Coburs, if the Comb was moved 
continually up and down with a reciprocal Mo- 
tion, afcended and»defcended in the Paper, and 
when the Motion of the Comb was fo quick, that 
the Colours could not be diftinguifhed from 
one another, the whole Paper by their Con- 
fufion and Mixture in the Senforium Appeared 
white. 

Let the Comb now reft, and let the Paper, 
be removed farther from the Prifm, and the fe- 
veral Ranges of Colours will be dilated and 
expanded into one another more 'and more, and 
by mixing their. Colours will dilute one ano- 
ther, and at length, when the diflance of the 
Paper from the Comb is about a Foot, or a 
little more (fuppofe in the Place 2D 2E) they 
will fo i^i dilute one another, as to become 
white. • 

With«any Obilacle, let all the Light be now 
ftopp'd which paffes through any one Interval 
of theTeetli, fo that the Range of Colours which 
comes from thence may be taken awa/, and 
you will fee the Light of the reft of the Ranges 
to be expanded into the Place of the Range taken ■ 
away, and there to be coloured. Let the in- 
tercepted Range pafs on as before, and its Co-, 
lours falling upon t;he Colours of the other 
Ranges, and mixihg with tliem, will reftore the 
Whitenefs. 

Let the Paper 2D 2E be now very much in^ 
clined to the Rays, fo that the moft refrangible 

Rays 



BOOK I. 12J 

Rays may be more copioufly re|led:e(lnhan the. 
reft, and jhe white Coleur of the Paper through 
the.Excefs of thofe Rays will be changed into 
blue and violet. Let the Paper be as much in-/ 
clined. the contrary way, that the leaTt refran- 
gibVe Rays may be ik>W more copioufly refle<51:- 
ed than the reil, and by their Excefs tjie White-^ 
nefs will be changed into yellow and red. Ti^ 
feveral Rays therefore in that white Light do 
retain their cok)riiic Qualities, • by. which thofe 
of any fort, whenever they become more co- 
pious than the reft, do by their Excefs and Pre- 
dominance caufe their proper Colour to ap- 
pear. • V 

And by the fame way of arguing, applied to the 
third Experiment of this fecond Part of the firft 
Book, it may be concluded, that the white Colour 
of ail refraded Light at its very firft Emergence, 
where it appears as white as before its Incidence,, 
is compounded of various Colours. : * . 

Exper. 13. In the for-egoing ExperiiiQent the 
feveral Litervals of the Xeetl; of the Comb do 
the Office of -fo many Prifms', every Interval pro- 
ducing the Phaenomenon of one Prifm. Whence 
inftead cJf thofe Intervals' ufirig feveral Prifms, 
I try'd to compound Whitenefs bytmixing their 
Colours, and did it by ufing olily three^ Prifms, 
•as alfo.by uling only two as follows. Let two 
Prifms ABC and abc^ [in Fig. 10.] whofe re- 
loading Angles B and b are equal,* be fo placed 
parallel to one atiother, that the refrading An- 
gle B of the one may touch the Angle c at the 
Bafe of . the other", , and their Planes • C B and 
cb, at whieh the Rays emerge, may lie in Di- 

. re<5tum. 



128 O P T I C K S. 

, redum. • Then. let the Light trajeded through 
them fall upon the Paper MN, diftapt about 8 
or 1*2 Inches from the Priims. And the .Co- 
lours generated by the interior Limits B and c 
of the tv^o Prifms, will be mingled at P T, and 
there compound white. * Eor if either Prifin be 
taken a.wa^, the Colours made by the other will 
appear in that Plac^ P T, and when the Prifm 
is reftored to its Place again, fo that its Co- 
lours may there fall upon the Colours of the 
other, the Mixture of them both will reftore the 
Whitenefs. 

This Experiment fucceeds alfo, as I have tried, 
when the Angle b of the lower Prifm, is a lit- 
tle greater than the Angle B of the upper, and 
between the interior Angles B and r, there in- 
tercedes foiiie Space B r , as is reprefented in 
the Figure, and the refracting Planes BC and 
b c, are neither in Diredium, nor parallel to one 
another. For there is nothing more requilite 
to the,Succefs of this Experiment, than' that 
the Rays of all forts may be uniformly mixed 
upon the Paper in the Place P T.- If the moft 
refrangible Kays coming from the fuperior 
Prifnx take up all the Spaoe from M 'to P, the 
Rays of the.fame fort which come from the in- 
ferior Prifm ought to begin at P, ^ and take up 
all the reft of the Space .from thence towards 
N. if the leaft refrangible Rays coming from 
the fuperior Prifm take up the Space M T, the 
Rays of the fame kind whic'h come from the 
other Prifm ought to begin at T, and take up 
the remaining Space T N. If one fort of the 
Rays which have intermediate Degrees of Be- 

frangibility. 
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frangibility, and come from the fuperior Prifm 
be extended through the Space M Q^ and ano- 
ther fort of thofe Rays through tlie Space M R, 
and a third fort jof them through the Space MS, 
the fame forts of Rays coming from the lower 
Prifm, ought to illuminate the remaining Spaces 
QJ^, R N, S N, refpedively. And the fame is 
to be underftood of all the other forts of Rays. 
For thus the Rays of every fort will be fcattered 
uniformly and evenly through the whole Space 
MN, and fo being every where mix'd in the lame 
Proportion, they muft every where produce the 
fame Colour. And therefore, fmce by this Mix- 
ture they produce white in the Exterior Spaces 
MP 'and TN, they muft alfo produce white 
in the Interior Space PT. This is the reafon 
of the Compofition by which Whitenefs was pro- 
duced in this Experiment, and by what other 
way foever I made the like Compofition, . the Re- 
fult was Whitenefs. 

Laftly, If with the Teeth of a Comb of a due 
'Size, the coloured Lights of the two Prifms 
which fall upon the Space PT be alternately in- 
tercepted, that Space PT, when the Motion of 
the Comb is flow, will always appear coloured, 
but by accelerating the Motion of the Comb fo 
much that the fucceffive Colours cannot be 
diftinguifhed from one another, it v/ill appear 
white. 

' Exper. 14. Hitherto I have produced White- 
nefs by mixing the. Colours of Prifms. If now 
the Colours of natural Bodies are to be min-^ 
gled, let Water a little thicken'd with Soap be 
agitated to raife a Froth, and after that Froth 

K ■ has- 
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has ftood -a little, there will appear to one that 
(hall view it intently various Colours every where 
in the Surfaces of the feveral Bubbles ; but to 
one that fhall go fo far off, that he cannot diilin- 
guiili the Colours from one another, the whole 
Froth will grow white with a perfed: White- 
aicfs. 

Exper. 15. Lailly, In attempting to compound* 
a white, by mixing the coloured Powders which 
Painters ufe, I confider'd that all colour'd Pow- 
ders do fupprefs and ftop in them a very conli- 
derable Part of the Light by which they are illu- 
minated. For they become colour'd by refled- 
ing the Light of their own Colours more co- 
pioufly, and that of all other Colours more fpa- 
ringly, and yet they do riot refled the Light of 
their own Coloiirs fo copioufly as white Bodies 
do. If red Lead, for inftance, and a white Pa- 
per, be^ placed in the red Li^ht of the colour'd 
Spedrum made in a dark Chamber by the Re- 
fradion of a Prifm, as is defcribed in the third 
Experiment of the firft Part of this Book j the Pa-' 
per will appear more lucid than the red Lead, 
and therefore refleds the red-making Rays more 
copioufly than red Lead doth. And if they be 
held in the Light of any other Colour, the 
Light refleded by the Paper will exceed the 
Light refleded by the red Lead in a much 
greater Proportion. And the like happens in 
Powders of other Colours. And therefore by 
mixing fuch Powders, we are not to exped a 
flrong and full White, fuch as is that of Pa- 
per, but fome dusky obfcure one, fuch as might 
anfe from a Mixture of Light and Darknefs, 

i or 
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or from white and black, that Is, a grey, or 
dun, or ruffet brown, fuch as are the Colours 
of a Man's Nail, of a Moufe, of Aflies, of or- 
dinary Stones, of Mortar, of Duil and Dirt in 
High-ways, and the like. And fuch a dark white 
I have often produced by mixing coloured Pow- 
ders. For thus one Part of red Lead,' and five 
Parts of Viridie Mris, compofed a dun Colour 
like that of a Moufe. For thefe two Colours 
were feverally fo compounded of others, that 
in both together were a Mixture of all Co- 
lours ; and there was lefs red Lead ufed than 
Viride Mris^ becaufe of the Fulnefs of its Co- 
lour. Again, one Part of red Lead, and four 
Parts of blue Bife, compofed a dun Colour 
verging a littk to purple, and by adding to 
this a certain Mixture of Orpim.ent and Viride. 
JEris in a due Proportion, the Mixture loft its 
purple Tindure, and became perfeiSly diin. 
But the Experiment fucceeded beft without Mi- 
nium thus. To Orpiment I added by little 
and little a certain full bright purple, which 
Painters ufe, \antil the Orpiment ceafed to be 
yellow, and became of a pale red. Then I di-r 
luted that red by adding a little Fir ide Mris, 
and a little more blue Bife than V^iride Mris, un- 
til it became of fuch a grey or pale white, as 
verged to no one of the Colours more than to 
another. For thus it became of a Colour equal 
in Whitenefs to that of Afhes, or -of Wood newly 
cut, or of a Man's Skin. The Orpiment re- 
fleded more Light than did any other of the 
Powders, and therefore conduced more to the 
WhiteneJ^ of the compounded Colour than they. 

K2 To 
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Toaffign the Proportions accurately maybe difE- 
colt, by reaibii of the different Goodnefs of Pow- 
dei-s of the fime kind. Accordingly, as the Co- 
lour of any Powder is more or lefs full and lumi- 
nous, it ought to be ufed in a lefs or greater Pro- 
portion. 

Now, confidering that thefe grey and dun Co- 
lours may be alfo produced by mixing Whites 
and Blacks, and by confequence differ from 
perfedf Whites, not in Species of Colours, but 
only in degree of Luminoufnefs, it is manifeft that 
there is nothing more requiiite to make them 
perfedly white than to increafe their Light fuffici- 
ently ; and, on the contrary, if by increafmg 
their Light they can be brought to perfect White- 
nefs, it will thence alfo follow, that they are of 
the fame Species of Colour with the beft Whites, 
and differ from them only in the Qtiantity of 
Light. And this I tried as follows. I took the 
third of the above-men tion'd grey Mixtures, ( that 
which was compounded of Orpiment, Purple, 
Bife, and Viride Mris) and rubbed it thickly 
iipon the Floor of my Chamber, where the Sun 
ilione upon it through the opened Cafement ; 
and by it, in the Ihadow, I laid a Piece of white 
Paper of the fame Bignefs. Then going from 
them to the diftance of 12 or 18 Feet, fo that 
I could not difcern the Unevennefs of the Sur- 
£ice of the Powder, nor the little Shadows let 
fii^I from the gritty Particles thereof; the Pow- 
der appeared inteiiiely white, fo as to tranfcend 
even tht Paper it felf in Whitenefs, efpecially 
if rli£ Paper \vere a little fliaded from the Light 
of tht Clouds, and then the Paper compared 
J with 
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with the Powder appeared of fuch a grey Colour 
as the Powder had done befoi^. But by laying 
the Pi^per where the Sun fliines through the 
Glafs of the Window, or by Ihutting the Win- 
dow that the Sun might fhine through the Glafs 
upon the Powder, and by fuch other fit Means of 
increafmg or decreafmg the Lights wherewith th^ 
Powder and Paper were illuminated, the Light 
wherewith the Powder is illuminated may be 
made ftronger in fuch a due Proportion than 
the Light wherewith the Paper is illuminated, 
that they fhall both appear exadly alike in 
Whiteneis. For when I was- trying this, a Friend 
.coming to vifit me, I ftopp'd him at the Door, 
and before I told him what the Colours were, or 
what I was doing ; I asked him. Which of the 
two Whites were the beft, and wherein they dif- 
fered ? And after he had at that diflance viewed 
them well, he anfwer'd, that they were both good 
Whites, and that he could not fay which was 
beft, nor wherein their Colours differed. Now, 
if you confider, that this White of the Powder 
in the Sun-fhine was compounded of the Co- 
lours which the component Powders ( Orpi- 
ment, Purple, Bife, and Viride JEris ) have in 
the fame Sun-£hine, you mufl; acknowledge by 
this Experiment, as well as by the former, that 
perfed: Whitenefs may be compounded of Co^ 
lours. 

From what has been faid it is alfo evident, 
that 'the Whitenefs of the Sun's Light is com- 
pounded of all the Colours wherewith the feve- 
ral forts of Rays whereof that Light confiils, 
when by their feveral Refrarigibilities 'they are 

K 3 fepa- 
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feparated from one another, do tinge Paper or any 
other white Body»whereon they fall. For thofe 
Colours (by Pre/. 11. Part 2,) are unchangeable, 
and whenever all thofe Rays with thofe their Co- 
lours are mix'd again, they reproduce the fame 
white L'ight as before. 



PROP. VI. Prob. IL 

In a mixture of Primary Colours^ the 
^antity and ^lality of each being 
given^ to know theColour of the Compoimd, 

WITH the Center O [in Fig. 11.] and" 
Radius OD defer ibe a Circle ADF, and 
ditringuifh its Circumference into feven Parts 
DE, EF, FG, GA, AB, B C, CD, propor- 
tional to the k\tn Mufical Tones or Intervals 
of the eight Sounds, Sol, la, fa, fol, la, mi, fa, 
fol, contained in an eight, that is, proportional 
to the Number \, ^, {^, |, ^'g, 2^^ I. Let the firft 
Part DE reprcfcnt a red Colour, the fecond EF 
orange, the third FG yellow, the fourth CA 
green, the fifth AB blue, the fixth BC indigo, 
and the feven th CD violet. And conceive that 
thefe aVe all the Colours of unconipounded Light 
gradually palling into on,e another, as they do 
when made by Prifms ; the Circumference 
DEFGABCD, reprefenting the whole Series 
of Colours from one end of the Sun's colour'd 
Image to the other, fo that from D to E be 
all degrees of red, at E the mean Colour be- 
tween red and orange, from E to F all de- 
grees 
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grees of orange, at F the mean between orange 
and yellow, from F to G all degrees of yellow, 
and fo on. Let p be the Center of Gravity 
of the Arch D E, and q^ r, s^ty z/, x, the Cen- 
ters of Gravity of the Arches E F, F G, GA, 
A B, B C, and C D refpedively, and about 
thofe Centers of Gravity let Circles proportio- 
nal to xht Number of Rays of each Colour in 
the given Mixture be. delcrib'd ; that is, the 
Circle p proportional to the Number of the 
red-making Rays in the Mixture, the Circle q 
proportional to the Number of the orange-ma- 
•king Rays in the Mixture, "and fo of the reil. 
Find the common Center of Gravity of all thofe 
Circles />, q^ r, ^, f, zy, .v. Let that Center be 
Z; and from the Center of the Circle ADF, 
through Z to the Circumference, drawing the 
Right Line O Y, the Place of the Point Y in the 
Circumference lliall Ifliew the Colour ariling from 
the Compofition of all the Colours in the gi\cn 
Mixture, and the Line OZ iliall be propor- 
tional to the Fulnefs or Intcnfenefs of the 
Colour, tliat is, to its -diftance from Whitcnefs. 
As if Y fall in the middle between F and G, 
the compounded Colour (hall be the beft yel- 
low ; if Y verge from the middle towards F 
or G, the compound Colour fhall accordingly 
be a yellow, verging towards orange or green. 
If Z fall upon the Circumference, the Colour, 
fliall be intenfe and florid in the higheft Degree ; 
if it fall in the mid- way betwC^en the Circum- 
ference and Center, it fhall be but half fo 
intenfe, that i?, it ihall be fuch a Colour as 
would be' made by diluting the intenfcft yellow 

K 4 . . ""^/ilh 
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with an equal quantity of whitenefs j and if it 
flili unon the center O, the Colour fhall have loft 
all its intenfenefs, and become a white. But it 
is to be noted, That if the point Z fall in or 
near the line OD, the main ingredients being 
the red and violet, the Colour compounded 
fiyail not be any of the prifmatick Colours, but 
a purple, inclining to red or violet, according- 
ly as the point Z lieth on the fide of the line 
DO towards E or towards C, and in general 
the compounded violet is more bright and more 
iiery tlum the uncompounded. Alfo if only two 
of the primary Colours which in the circle are 
oppoiite to one another be mixed in an equal 
proportion, the point Z iliall fall upon the cen- 
ter b, and yet the Colour compounded of thofe 
two lliall not be perfedly v/hite , but fome 
Hiint anonymous Colour. For I could never 
yet by mixing only two primary Colours pro- 
duce a pcrfed white. Whether it may be com- 
pounded of a mixture of three taken at equal 
diftances in the circumference I do not know, 
but of four or five I do not mi^ch queftion but 
it may. But thefe are Curiofities of little or no 
m.oment to the underfcanding the Phacnomena 
of Nature. For in all whites produced by Na- 
ture, there ufes to be a mixture of all forts of 
Rays, and by confequence a compofition of all 
Colours.' 

To give an ii {lance of tliis Rule; fuppofe a 
Colour is compounded of thefe hcmogeneal 
Colours; of violet one part, of indigo one part, 
of blue two parts, of green three parts, of yel- 
low five pans, of orange fix parts, and of red 

' ■ ten 
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ten parts. Proportional to thefe parts defcribe 
the Circles x, v, t, s, r, q^ f\ refpedively, that is, 
fo that if the Circle x be one, the Circle 'u may 
be one, the Circle t two, the Circle s. three, and 
the Circles r, q and/*,^ five, fix and ten. Then I 
find Z the common center of gravity ojp theie 
Circles, and through Z drav^ing the Line OYj 
the Point Y falls upon the circumference between 
E and F, fomething nearer to E than to F, and 
thence I conclude, that the Colour compounded 
of thefe Ingredients will be an orange, verging a 
little more to red than to yellow. Alfo I find 
that OZ is a little lefsthan one half of OY, and 
thence I conclude, that this orangd hath a little 
lefs than half the fulnefs or intenfenefs of an un* 
compounded orange ; that is to fay, that it • is 
fuch an orange as may be tnade by mixing an ho- 
mpgeneal orange with a good white in tHe pro- 
portion of the, Line GZ to the Line ZY, this 
Proportion being not of the quantities of mixed 
orange and white Powders, but of the quantities 
of the Lights reflected from them. 

This Rule I conceive accurate enough for pra- 
(flice, . though not mathematically accurate ; and 
the truth of it may be fufficiently proved to Senfe, 
by flopping any of the Colours at the Lens in the 
tenth Experiment of this Book. For the refl of^ 
the Colours which are not flopp'd, but pafs on to 
the Focus of the Lens, will there compound 
either accurately or very nearly fuch a Colour,, as 
by this Rule ought to refult from their Mixture. 

• PROP. 
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PROP. VII. Theor. V. 

AH the Colours in the Universe which art 
made by Lights and depend not on the 
Power of Imagination^ are either the 
Colours of homogeneal Lights^ or com- 

* founded of thefey and that either accu- 
rately or very nearly^ according to the 
Rule of the foregoing Problem, 

FOR it has been proved (in Prop, i. Part 2.) 
that the changes of Colours made by Refra- 
<5licns do not arife from any new Modifications of 
the Rays imprefs'd by thofe Refradions, and by 
the various Terminations of Light and Shadow, 
as ha5 been the conflant and general Opinion .'of 
Philofc phers. It has alfo been proved that the 
fe^^cral Colours of the homogeneal Rays do con- 
ftantly anfwer to their degrees of Refrangibility, 
{Prop. J. Part i. and Prop. 2. Part 2.) and that 
their degrees of Refrangibility cannot be changed 
by Refradions and Reflexions {Prop. 2. Part i.) 
and by confequence that thofe their Colours 
are likewife immutable. It has alfo been pro- 
ved direc^lly by refrading and refledling homo- 
geneal Lights apart, that their Colours cannot be 
changed, {Prop. 2, Part 2.) It has been proved 
alfo, that \vhen the feveral forts of Rays are mix- 
ed, and in croffing pafs through the fame fpace, 
they do not ad on one another fo as to change 
each others colorifx qualities. ( Exper. lo-. Part2.)f 
but by mixing their Actions in the Scnforium be- 



get 
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get a Senfatlon differing from what either would 
do apart, that is a Senfation of a mean Colour 
between their proper Colours ; and particularly 
when by the concourfe and mixtures of all forts 
of Rays, a white Colour is produced, the white 
is a mixture of all the Colours which the Rays 
would have apart, {Prop. 5. Part 2) The Rays 
in that mixture do not lofe or alter their feveral 
colorific qualities, but by all their various kinds 
of A<5tions mix'd in the Senforium, beget a Sen- 
fation of a middling Colour between all their Co- 
lours, which is whitenefs. For whitenefs is a 
mean between all Colours, having it felf indiife-* 
rently to them all, fo as with equal facility to be 
tinged with any of them. A red Powder mixed 
with a little blue, or a blue with a little red, doth 
, not prefently lofe its Colour, but a white Powder 
mix'd with any Colour is prefently tinged with' 
that Colour, and is equally capable of jpeing 
tinged with any Colour whatever. It has been 
fhewed alfo, that as the Sun's Light. is mix'd of 
all forts of Rays, fo its whitenefs is a mixture of 
the Colours of all forts of Rays j thofe Rays ha- 
ving from the beginning their "feveral colorific 
qualities as well as their feveral Refrangibilities, 
.and retaining them perpetually unchanged not- 
withflanding any Refradtions or Reflexions they 
niay at any time fuffer, and that whenever any 
fort of the Sun's Rays is by any means (as by 
Reflexion in Exper. 9. and 10. Part i. or by 
Refraction as happens in all Refra<5tions) fepara7 
ted from the reft, they then manifeft their proper 
Colours. Thefe things have been prov'^j and 
thefumof all this amounts to the Propolition 

here 
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here to b< prm^d. For if the Sun's Light is 
mix'd of feveral forts of Rays, each of which 
have originally their feveral Refrangibilities and * 
colorific Qualities, and notvi^ithftanding their Re- 
fradlions and Reflexions, and their various Sepa- 
rations or Mixtures, keep thofe their original 
Properties perpetually the fame without alterati- 
on } then all the Colours in the World muft be 
fuch as conftantly ought to arife from the origi- 
nal colorific qualities of the Rays whereof the 
Lights confift by v^hich thofe Colours are feen. 

. And therefore if the reafon of any Colour what- 
'ever be required, we have nothing elfe to do than 
to confidcr how the Rays in the Sun's Light have 
by Reflexions or Refractions, or other caufes, been 
parted from one another, or mixed together ; or 
otherwfe to find out what fprts of Rays are in the* 
Light by which that Colour is made, and in what 
Proj^ortion ; and then by the lafl Problem to 
learn the Colour which ought to arife by mixing 
thofe Rays (or their Colours) in that proportion. 
I fpeak here of Colours fo far- as they arife from 
Light. For they appear fometimes by other Cau- 
fes, as when by the power of Phantafy we fee Co- 
lours in a Dream, or a Mad-man fees things be- 
fore him which are not there; or when we fee 
Fire by ftriking the Eye, or fee Colours like the 
Eye of a Peacock's Feather, by prefling our Eyes 
in either corner whilfl: we look the other way. 
Where thefe and fuch like Caufes interpofe not, 
the Colour always anfwers to the fort or forts 

* of the Rays whereof the Light confifls, as I 
have conftantly found in whatever Phenomena of 
Colours I have hitherto been- able to examine. 

Ifliall 
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I fhall In the following Propofitions give inftan- 
ces of this in the Phaenomena of cbiefefl note. 



PROP. VIII. P ROB. III. 

By the difcovered Properties of Light to 
explain the Colours made by Prijms. 

LET ABC [in Fig. 12.] reprefent a Prifm 
refrading the Light of the Suii, which 
comes into a dark Chamber through a hole F^ 
almoft as broad as the Prifm, and let MN re- 
prefent a white Paper on which the refrafed 
Light is caft, and fuppofe the moft refrangible 
or deepefl violet-making Rays fall upon the 
Space Px, the leaft refrangible or deepeft .red- 
making Rays upon the Space Tf, the middle 
fort between the indigo-making and blue-ma- 
king Rays upon the Space Qv, the middle fort 
of the green-making Rays upon the Space Rp, 
the middle fort between the yellow-making and 
orange-making Rays upon the Space S o-, and o- 
ther intermediate forts upon intermediate Spa- 
ces. For fo the Spaces upon which the feveral 
forts adequately fall will by reafon of the diiFe- 
rent Refrangibility of thofe forts be one lower 
than another. Now if the Paper MN be fo 
near the Prifm that the Spaces PT and ^1 ^o 
not interfere with one another, the diftance be- 
tween them T % will be illuminated by all the 
forts of Rays in that proportion to one another 
which they have at theit very lirfl coming out 

of 
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of the Prifm, and confequently be white. But 
the Spaces P T and jrl on either hand, will not 
be illuminated by them all, and therefore will 
appear coloured. And particularly at P, where 
the outmoll violet-makiog Rays fall alone, the 
Colour muil be the deepeft violet. At Q_jvhere 
the violet-making and indigo-making Rays are 
mixed, it muft be a violet inclining much to 
indigo. At R wheire the violet-making, indigo- 
making , blue-making , and one half of the 
green-making Rays are mixed , their Colours 
mufl (by the conftrud:ion of the fecond Pro- 
blem ) compound a middle Colour between in- 
digo and blue. At S where all the Rays are 
mixed, except the red-making and orange-ma- 
king, their Colours ought by the fame Rule to 
compound a faint blue, verging more to green 
than indigo. And in the progrefs from S to T, 
this blue will grow more and more faint and 
dilute, till at T, where all the Colours begin to 
be mixed, it ends in whitenefs. 

So again, on the other fide of the white at r, 
where the leaft refrangible or utmoll red-ma- 
king Rays are alone, the Colour muft be the 
deepeft red. At o- the mixture of red and o- 
range will compound a red inclining to orange. 
At ^ the mixture of red, orange, yellow, and 
one half of the green muft^ compound a middle 
Colour bet\veen orange and yellow. At v the 
mixture of all Colours but violet and indigo will 
compound a faint yellow, verging more to gx^een 
than to orange. And this yellow will grow 
more faint and dilute continually in its progrefs 

from 
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from ;^ to tt, where by a mixture of all forts of 
Rays it will become white. 

Thefe Colours ought to appear were the Sun's 
Light perfe(5tly white: But becaufe it inclines to 
yellow, the Excefs of the yellow-making Rays 
whereby 'tis tinged with that Colour, being 
mixed with the faint blue between S and T, will 
draw it to a faint green. And fo the Colours in 
order froiji P to r ought to be violet, indigo, 
blue, very faint green, white, faint yellow, o- 
range, red. Thus it is by the computation : And 
they that pleafe to view the Colours made by a 
Prifm will find it fo in Nature. 

Thefe are the Colours on both fides the white 
when the Paper is held between the Prifm" and 
the Point X where the Colours meet, and the 
interjacent white vaniihes. For if the Paper be 
held ftill farthei; off from the Prifm, the moft 
refrangible and leaft refrangible Rays will be 
wanting in the middle of the Light, and the reft 
of the Rays which are found there, will by mix- 
ture produce a fuller green than before. Alfo 
the yellow and blue will now become lefs com- 
pounded, and by confequence more intenfe than 
before. And this alfo agrees with experience. 

And if one look through a Prifm upon a 
white Obje<5t encompaifed with blacknefs or 
darknefs, the reafon of the Colours arifmg on 
the edges is much the fame, as will appear to 
one that fhall a little confider it. If a black Ob- 
je(5t be encompaffed with a white one, the Co- 
lours which appear through the Prifm are to be 
derived from the Light of the white one, fpread- 
ing into the Regions of tjic black, and therefore 

they 
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they appear in a contrary order to that, when a 
white Objed is furrounded with black. And the 
fame is to be underllood when an Objedl is view- 
ed, whofe parts are fome of them lefs luminous 
than others. For in the borders of the more and lefs 
luminous Parts, Colours ought always by the fame 
Principles to arife from the Excefs of the Light 
of the more luminous, and to be of the fame 
kind as if the darker parts were black, ^ but yet to 
be more faint and dilute. 

What is faid of Colours made by Prifms may 
be eafily applied to Colours made by the GlafTes 
of Telefcopes or Microfcopes, or by the Hu- 
mours of the Eye. For if the Obje<a-glafs of 
a Telefcope be thicker on one fide than on the 
other, or if one half of the Glafs, or one half 
of the Pupil of the Eye be cover'd with any 
opake fubflance j the Objed:-gli^s, or that part of 
it or of the Eye which is not cover'd, may be 
confider'd as a Wedge with crooked Sides, and 
every Wedge of Glafs or other pellucid Subflance 
has the effed of a Prifm in refradling the Light 
which palles through it *. 

How the Colours in the ninth and tenth Ex- 
periments of the iirft Part arife from the diffe- 
rent Reflexibility of Light, is evident by what 
was there faid. But it is obfervable in the^ ninth 
Experiment, that whilft the Sun's dired Light 
is yellow, the Excefs of the blue-making Rays 
in the refleaed beam of Light MN, fuffices 
only to bring that yellow to a pale white incli- 
ning to blue, and not to tinge it with a mani- 

* Sfs our AuthorV Lea. Optic. Vart 11. ^(£1. 1 J. fag, 269, t^c, 

feftly 
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feftly blue Colour. To obtain therefore a better 
blue, I ufed inflead of the yellow Light of the 
Sun the white Light of the Cloud§, by yarying a 
little the Experiment, as follows. , ,. 

Exper. i6. Let HF^G =[ia i^?^- 13.] repre- 
fent a Prifm in the open Air, and S the Eye of 
the Spectator, viewing the Clouds by- their 
Light coming into the Prifm at the Plane Side 
FIGK, and refleded in it by its Bafe HEIG, 
and thence going out through its Plane Side 
HEF,K to the Eye. - And when the Prifm and 
Eye are conveniently placed, fo that the Angles 
of Incidence and Reflexion at the Bafe may h^ 
about 40 Degrees, the Spedator will fee a Bow 
MN of a blue Colour, running fi*om one End 
of the Bafe to the other, with the Concave Side 
towards him, and the Part of the Bafe JMNG 
beyond this Bow will be brighter than the other 
Part E M N H on the other Side of it. This blue 
Colour MN being made by nothing elfe than by 
Reflexion of a fpecular Superficies, feems fo odd 
a Phaenomenon, and fo diflicult to be explain- 
ed by the vulgar Hypothefls of Philofophers, 
that I could not but think it deferved to be" taken 
Notice of Now for underftanding the Rea- 
fon of it, fuppofe the Plane ABC to cut the 
Plane Sides and Bafe of the Prifm perpendicu-- 
iarly. From the Eye to the Line B C, wherein 
that Plane cuts the Bafe, drav/ the Lines S/ 
and S/, in the Angles Spc 50 degr. ^ and S^f^^ 
49 degr. -jV, and the Point p will be the Limit 
beyond which none of the moil refrangible 
Rays can pafs through the Bafe of the Prifm, 
and be refraded, whofe Incidence is-fuch -that'; 

L . :'?h€y 
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tliey maybe refleded to the Eye;' and the Hoint 
t will be the like Limit for the leaft refrangi- 
ble Rays, that is, beyond which none of them 
can pafs through the Bafe, whofe Incidence is 
fuch that by Reflexion they may come to the 
Eye. And the Point r taken in the middle 
Way between p agd /, will be the like Limit 
for the meanly refrangible Rays. And there- 
fore all the leaft refrangible Rays which fall 
upon the Bafe beyond /, that is, between / and B, 
and can come fi-om thence to the Eye, will be 
refleded thither: But on this fide t^ that is, 
between t and <:, many of thefe Rays will be 
tranfmitted through the Baie. And all the'moft 
refrangitje Rays which fall upon • the Bafe be- 
yond ^, that is, between p and B, and can by 
Reflexion come from thence to the Eye, will be 
refleded thither, but every where between p 
and <7, many of thefe Rays will get through the 
Bafe, and be refraded ; and the fame is to be 
underftood of the meanly refrangible Rays on 
either fide of the Point r. Whence it follows, 
that the Bafe of the Prifm muft every where 
between t and B, by a total Reflexion of all forts 
of Rays to the Eye, look white and bright. 
And every where between p and C, by reafon of 
the Tranfmiflion of many Rays of every fort, 
look more pale, obfcure, and dark. But at r, 
and in other Places between p and /, where all 
the more refrangible Rays are refleded to the 
Eye, and niiuiy of the lefs refrangible are tranf- 
mitted, the Excefs of the moft refrangible in 
the refleded Light will tinge that Light with 
their Colour, which is violet and blue. And 

this 
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this happens by taking the -Line CprfB any 
where between the Ends of the Prifm HG 
and E I. . ' 



PROP. IX. Prob. IV. 

By the dif cove fed Properties -of Light t$ 
explain ■the< Colours of the Rain- how J 

'Hr^HIS Bow never appears^ but where It 
Jl rains in the Sun-fhine, and may be made 
arriticially by fpouting up Water which may 
break aloft, and fcatter into Drops, and fall down 
like Rain. For the Sun fliining upon thefe 
Drops certainly caufes the Bow to appear to a 
Spedator {landing in a due Polition to the Rain 
and Suii. And hence it is now agreed upon, 
that this Bow is made by Refradlion of the Sun-s 
Light in Drop^i of falling Rain. This was un- 
derftood by fome of the Antients, and of late 
more fully difcover d and explained by the fa- 
mous Antonius de Dominis Archbifhop of Spa-' 
lato^ m his Book De Radiis Visus & Lucis^ pub- 
iifhed by his Friend B&rtolus isx Venice, in the 
Year 161 1, and written above 20 Years before. 
For he teaches there how the interior Bow is 
made in round Drops of Rain by two Refradi- 
ons of the Sun's Light, and one Reflexion be- 
tween them, and the exterior by two Refradi- 
ons, and two forts of Reflexions between them 
in each Drcfp of Water^ and proves his Expli- 
cations by Experiments made with a Phial full 
of Water, and with Globes of Glafs filled 

L 2 with 
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with Water, and placed in the Sun to make the 
Colours of the two Bows appear in them. The 
fame Explication -D^j-C'^r/^i hath purfued in his 
Meteors,, and mended that of the exterior Bow. 
But whilft they^'underflood not the true Ori- 
gin of Colours, it's neceffary to purfue it here 
a little farther. For underftanding therefore how 
the Bow is made, let a Drop of Rain, or any 
other fpherical tranfparent Body be reprefented 
by the Sphere BNFG, [in Fig. 14.] defcribed 
with tht Center C, and Semi-diameter G N. 
And let AN be one of the Sun's Rays inci- 
dent upon it at N, and thence refracfted to F, 
where let it 'either go out of the Sphere byRe- 
fradion towards V, or be refled:ed to G; and 
at G let it either go out by Refradtion toR, or 
be reflected to H; and at H let it go out by 
Refradion towards S, cutting the incident Ray 
in Y. Produce AN and RG, till they meet in 
.X, and upon AX and NF, let fall the Per- 
pendiculars CD and CE, and produce CD till 
It fail upon the Circumference at L. Parallel to 
the incident Ray AN draw the Diameter BQ, 
and let the Sine of Incidence out of Air into 
Water be to the Sine* of Refradion as I to R. 
Now, if you fuppofe the Point of Incidence N 
to move from the Point B, continually till it 
come to L, the Arch QF will firft increafe and 
then decreafe, and fo will the Angle A X R 
which the Rays AN and GR contain ; and the 
Arch QJ^ and Angle AXR w ill be biggeil 
when ND is to CN as -/II—RR to / 3 RR, in 
which cale NE will be to ND as 2 R to I. Mo 
the Angle AYS, which the Rays AN and HS 

contain 
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contain will firft deereafe, and then increafe and 
grow leaft when ND. is to CN as ^11 — 1^ to 
/8RR, in which cafe NE will be to ND, as 
3 R to I. And fo the Angle which tlic next emer- 
gent Ray ( that is, the emergent Ray after .three 
Reflexions) contains' with the incident Ray AN 
will come to its Limit when N D is to G N 
asyiT-RR to / 15 RR, in which cafe NE will 
be to ND; as,4 R lO'I. And the Angle which the 
Ray next after that Emergent, that is, the Ray 
emergent after four Reflexions, contains with the 
Incident, will come to its Limit, when ND is to 
CN as v/ll— -RR to / 24 RR, in which cafe NE 
will be to ND as 5 R to I ; and fo on infinitely, 
ther^umbers 3, 8, 15,24, &c. being gather'd by 
continual Addition of the Terms of the arithme- 
tical Progreffion 3, 5, 7, 9? ^c- The Truth of all 
this Mathematicians will ealily examine. *' 

Now it is to be obferved,' that as when the Sun 
comes j:o his Tropicks, Days increafe and deereafe 
but a very little for a great while together j fo when 
by increafmg the diftance C D, -thefe Angles come 
to their Limits, they vary their quantity but very 
little for fome tinfe together, and therefore a far 
greater Number of the Rays which fall upon all 
the Points N in the Quadrant BL, £hall emergein • 
the Limits of thefe Angles, than in any other Incli- 
nations, And farther it is to be obferved, that tBe 
Rays which differ in Refrangibility will have dif.^ 
ferent Limits of their Angles of Emergence, and 
by confecjuence according to their different De- 
grees' of Refrangibility emerge moil copiouily 

* Thish demonjlratei in our Authof j Ledl. Optic. Fart I, 5<?^.-I V.- 
Vrop. 35 and -^S, 
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in dilFerent Angles, and being feparated from one 
another appear each in their proper Colours. 
And what thofe Angles are may be eaiily ga- 
ther'd from the foregoing Theorem by Com- 
putation. 

For in the leaft refrangible Rays the Sines I 
and R (as was found above) are io8 and 8i, 
and thence by Computation the greateft Angle 
AXR will be found 42 Degrees and 2 Minutes, 
and the leaft Angle AYS, 50 Degrees and ^y 
Minutes. And in the mofl: refrangible Rays the 
Sines I and R are 109 and 81, and thence by 
Computation the greateft Angle AXR will be 
found 40 Degrees and 17 Minutes, and the leaft 
Angle AYS 54 Degrees and 7 Minutes. ^ 

Suppofe now that O [ in Fig. 15. ] is the Spe- 

dator's Eve, and OP a Line drawn parallel to 

the Sun's'Rays, and 'let POE, POP, POG, 

POH, be Angles of 40 Degr. 17 Min. 42 Degr. 

2 Min. 5*0 Degr. ^y Min. and 54 Degr. ^ Min. 

refpediv^ely, and thefe Angles turned about 

their common Side O P, fliall with their other 

Sides OE, OF 5 OG, OH, defcribe the Verges 

of two Rain-bows AF BE aifd CHDG. For 

if E, F, G, H, be drops placed any where in 

the conical Superficies defcribed by OE, OF, 

OG, OH, and be illuminated by the Sun's Rays 

SE, SF, SG, SH; the Angle SEO being e- 

qual to the Angle POE, or 40 Degr. 17 Min. 

jfliall be the greateft Angle in which the moft 

refrangible Rays can after one Reflexion be re- 

fradred to the Eye, and therefore all the Drops 

in the Line OE (hall -fend the moft refrangiWe 

Rays moft copioufly to the Eye, and thereby 

• ftrike 
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flrike the Senfes with the deepeil violet Colour in 
that Region. And in like manner the Angle SF O 
being equal to the Angle POF, or 42 Degr. 
2 Min. Ihall be the greateft in which the leaft re- 
frangible Rays after one Reflexion can emerge 
out of the Drops, and • therefore thofe Rays 
fhall come moil copioully to the Eye from the 
Drops in the Line .O F, and ftrike the Senfes wkh 
the deepeft red Colour in that Region. And by 
the fame Argument, the Rays which have inter- 
mediate Degrees of Refrangibility ihall come moil 
eopiouily from Drops between E and F, and ilrike 
the Senfes with the inter mediate Colours, in the 
Order which their Degrees of Refrangibility re- 
quire, that is in the Progrefs from E to F, or 
from the iniide of the Bow to the outfide in this 
order, violet, indigo, blue, green, yellow, orange, 
red. But the violet, by the mixture of the white 
Light of the Clouds, will appear faint: and in- 
cline to purple. ^ 

Again, the Angle SGO being equal to the 
Angle POG, or 50 Gr. 51 Min. ihall be the leail 
Angle in which the leail refrangible Rays can 
after two Reflexions emerge out of the Drops, 
and therefore the leail refrangible Rays ihall 
come moil copioully to the. Eye from the Drops 
in the Line OG, and ilrike the Senfe with :the 
deepeil red in that Region. And the Angle 
SHO being equal to the Angle P OH, or 54 Gr. 
7 Min. ihall be the leail Angle, in which the moil 
refrangible Rays after two Reflexions can emerge 
out of the Drops J and therefore thofe P^ays 
•ihall come moil copioiijdy to the Eye from 
the Drops in the Line OH, and ilrike the Senfes 

L 4 with 
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with the decpefl violet in that Region. And by the 
fame Argument, the Drops in the Regions be- 
tween G and II (hall ftrike the Senfe with the in- 
termediate Colours in the Order which their 
Degrees of Refrangibility require, that is, in the 
Progrefs from G to H, or from the infide of the 
Bow to the outiide in this order, red, orange, yel- 
low, 2;reen, blue, indigo, violet. And fmce 
thefe four Lines OE, OF, OG, OH, may be 
fituated any where in the above-mention'd co- 
nical Superficies 5 what is faid of the Drops 
and Colours in thefe Lines is to be underilood 
of the Drops and Colours every where in thofe 
• Superficies. 

Thus ihall there be made two Bows of Co- 
lours, an interior and ftronger, by one Reflexion 
in the Dropg, and an exterior and fainter by 
two ; for the Light becomes fainter by every 
Reflexion. ^ And their Colours fhall lie in a con- 
trary Order to one another, the red of both Bows 
bordering upon the Space GF, which is be- 
tween the Bows. The Breadth of the inte- 
rior Bow EOF meafured crofs the Colours fhall: 
be I Dfcgr. 45 Min. and the Breadth of the ex- 
terior GOH fhall be 3 Degr. 10 Min. and the 
diftance between thejn GOF fhall be 8 Gr. 15 
Min. '-the greatefl Semi-diameter of the inner- 
mofl, that is, the Angle POF being 42 Gr. 2 
Min. and the leafl Semi-diameter of the outer- 
moft POG, being 50 Gr. 57 Min. Thefe are; 
the Meafures of the Bows, as they would be 
were the Sun but a Point j for by the Breadth 
of his Body, the Breadjh of the Bows will be in- • 
creafed, and their Diflance decreafed by half a 

Degree, 
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Degree, and fo the breadth of the interior Iris 
will be 2 Degr. 15 Min. that of -the exterior- =^ 
Degr. 40 Min. their diftance 8- Degr. 25 Miff. 
the greateft Semi-diameter of the interior Botv 
42 Degr. 17 Min. and the leaft of the exterio^ 
50 Degr. 42 Mini And fuch are the Dimenfions 
of the Bows in the Pleavens found to be' Very 
nearly, when their Colours appear ftrorig and 
perfe(5t. For once, by fiich means as I then had, 
I meafured the greatefl: Semi-diameter of the 
interior Iris about 42 Degrees, and tile breadth 
of the red, yellow and green in that Iris- 63- of 
64 Minutes, beiides the outmoffc faint red ob- 
fcured by^ the brightnefs of the Clouds, -for 
which we may allow 3 or 4 Minutes more. The 
breadth of the blue was about 40 Minutes more 
befides the violet, which was fo much obfcu- 
red by the brightnefs of the Clouds, that I could 
not meafure its breadth. But fuppoiing thfe 
breadth of the blue and violet together to equal 
that of the red, yellow and green together, the 
whole breadth of this Iris will be about 2 t De- 
grees, as above. The leaft diftance between this 
Iris and the exterior Iris was about 8 Degrees arid 
30 Minutes. The exterior Iris was broader than' 
the interior, but fo faint, efpecially pn the blue 
fide, that I could not' meafure its' breadth di- 
ftind'ly. At another time when both Bovv^s ap-- 
peared more diftindl, I meafured the breadth' of 
the interior Iris 2 Gr.' 10'-; and tlie breadth of the- 
red, yellow and green in the exterior iris, was to 
the breadth of the fdtoe Colours in the interior 
as 3 to 2. 

This 
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This Explication of the Rain-bow is yet far- 
ther confirmed by the known Experiment (made 
by Antoniiis de Dominis and Des-Cartes ) of 
hanging up any where in the Sun-fhine a Glafs 
Globe filled with Water, and viewing it in fuch 
apofiiure, that the Rays which come from the 
Globe to the Eye may contain with the Sim's 
Rays an Angle of either 42 or .5Q Degrees, For 
if the Angle be about 42 or 43 Degrees^ the 
Spe(5tktor (fuppofe at O) ihall fee a full red 
Colour in that fide of tlie Globe oppofed to 
the Sun as 'tis reprefented at F, and if that An- 
gle become lefs (fuppofe by depreffing the Globe 
to E) there will appear other Colours, yellow, 
green and blue fuccefli\ce in the fame fide of 
the Globe. But if the Angle be made about 
50 Degrees (fuppofe by lifting up the Globe to 
G) there will appear a red Colour in that fide 
of the Globe towards the Sun, and if the An- 
gle be made greater (fuppofe by lifting up the 
Globe to ii ) the red' will turn fucceffively to 
the other Colours, yellow, green and blue. The 
fame thing I have tried, by letting a Globe reft, 
and raifing or deprefiing the Eye , or other- 
wife moving it to make the Angle of a juft mag- 
nitude. 

I have heard it reprefented, that if the Light 
of a Candle be refraded by a Prifm to the Eye ; 
when the blue Colour falls upon the Eye, the 
Spedtator {hall fee red in the Prifm, and when 
the red falls upon the Eye -he fhall fee blue; 
and if this were certain , <he Col9urs of the 
Globe and Rain-bow ought to appear in a con^ 
trary order to what we find. But the Colours 
2 of 
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of the Candle being very faint, the miftake feems 
to arife from the diffiisuky of difcerning what 
Colburs fall on the; Eye. For, on the contraryj 
I have fometimes had occafion to obferv^ in the 
Sun's Light refraded by a Prifm, that the Spe- 
(ftator always fees that Colour in the Prifm which 
fails upon his Eye. And the fame I 'have found 
true alfo in Candle-light. For when the Prifm 
is moved llowly from the Line which is drawn 
diredtlyfrorti the Candle to the Ey^, the red ap- 
pears fir ft in the Prifm and then the blue, and 
therefore each of them is feen when it falls upon 
the Eye. For the red palTes over the Eye firft, 
and then the blue. 

The Light which comes through drops of 
Rain by two Refractions without any Reflexion, 
ought to appear ftrongeft at the diftance of a- 
bout 26 Degrees from the Sun, and to decay 
gradually both ways as the diftande fifoni him im 
creafes and decreafes. And the farhe is to be un- 
derftood of Light tranfmitted through fphe- 
rical Hail-ftones. And if the Hail be a little 
flatted , as it often is , the Light tranfmitted 
may grow fo ftrong at a little lefs diftance than 
that of 26 Degrees, as to form a Halo about 
the Sun or Moon; which Halo, as. often as .the 
Hail-ftones are duly figured may' be colour'd, 
and then it muft be red within by the leaft re- 
frangible Rays, and blue without by the moft 
refrangible ones , efpecially if the Hail-ftones 
have opake Globules of Snow in their center 
to intercept the Light within the Halo {^sHu^ 
genius has obferv'd) and make the infide there- 
of more diftindly defined than it would other- 
wife 
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wife be. For fiich Hail-ftones, though fpheri- 
ml, by terminating the Light by the Snow, 
may make a Halo red witjin and colouHcfs 
wjthout, and darker in the red than without, 
as Halos ufed to be. For of thofe Rays which 
pafs clofe by the Snow the Riibriform will be 
leaft refraded, and fo come to the Eye in the di- * 
re<5le{l Lines. 

The Light which pafles through a drop of 
Rain after two Refradions, and three or more 
Reflexions, is fcarce ftrpng enough to caufe a 
fenfible Bowj but in thofe Gyljnders of Ice by 
which Htigenius explains the P^^r/^f//^, it may 
perhaps be fenfible. 



PROP. X. Prob. V. 

By the dif covered Properties of. Light to 
explain the permanent Colours of Natu- 
ral Bodies. 

HESE Colours arife from hence, that 
fome natural Bodies refled: fome forts of 
Rays, others other -forts more copioufly than the 
reft. Minium refledls the leaft refrangible or 
red-making Rays moft copioufly, and thence ap- 
pears red. Violets reflect the moft refrangible 
moft copioufly, and thence have their Colour, 
and fo of other Bodies. Every Body refleds the 
Rays of its own Colour more copioufly than the 
reft^ and from their excefs and predominance in 
the refleded Light has its Colour. 

Exper, 
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Exper.i'j. For if ih the hombgeneal Lights 
obtained by the folution of the Problem prpi 
pofed in the fourth Propofition- of; the firft Park 
of this Book^ you place Bodies of feveral Gp-i 
lours, you will find, as I have done, that eveiy 
Body looks moft fplendid ^nd lutoiiious in the 
Light of its own Colour. Cinnaber in thehio- 
mogeneal red Light is moft refplendent, in the 
green Light it is manifeftly.lefs refplendent, and 
in the blue Light • ftilt lefs. Iridigoin the vi- 
olet blue Light is moft refplendent^ and its fpltn^ 
dor is ' gradually diminifh'd, as it is removed 
thence by degrees through the green- and yellow 
Light to the red. By a Leek the green Light, 
and next that the, blue and yellow v/hich com- 
pound green, are rnore ftrongly refle<5ted than the 
other Colours red and violet, and fo of the reft. 
But to make thefe- Experiments the niore mani- 
feft, fiich Bodies ought' to be ch'ofehas have the 
fuUejft and moft viVid Colours, and two of thofe 
Bodies are to be compared together. Thus, for 
inftance, if Cinnaber and 2^//r^2-marine blue, or 
fome other full blue be held together in the red 
homogeneal Light, they will both appear red, 
■but the Cinnaber will appe,ar of a ftrongly lumi- 
nous and refplendent red , and the uifra-mk- 
rine felue of a faint obfcure and dark red j aM 
if they be held together in the blue hornogeneal 
Light, they will both appear blue, but the ultf^a-^ 
marine will appear (^f a ftrongly lu'minous and 
refplendent blue, -and the Cinnaber of a faint 
and dark blue. Which puts it out ef difpute, 
that the' Cinjiaber reflefts the red Light much 
more copiouily than the ulfra-m?irmt. doth, .and 
~ 2 * the 
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the «/^r^-marine refled:s die blue Light m\ich 
ipore copioufly than theCinnaber doth. Thefaipe 
pxperiment may be tried fuccefsfully with red 
Lead and Indigo, or with any other two colour'd 
Bodies, if due allowance be made for the diffe- 
rent ftrength or weaknefs of their Colour and 
Light. 

And as the reafon of the Colours of natural 
Bodies is evident by thefe Experiments, fo it is 
farther confirmed and put pail difpute by the 
two firft Experiments of the firft Part, where- 
by 'twas proved in fuch Bodies that the reflected 
Lights which differ in. Colours do differ alfo in 
degrees of Refrahgibility. For thence it's cer- 
tain, that fome Bodies refled; the more refran- 
gible, others the lefs refrangible Rays more co- 
pioufly. 

And that this is not only a true reafon of thefe 
Colours, but even the only reafon, may appear 
farther from this Confideration, that the Colour 
of homogeneal Light cannot be dbang€<J by the 
Reflexion of natural Bodies. * 

For if Bodies by Reflexion cannot* in the leafl 
change the Colour of any one fort of Rays, they 
cannot appear colour'd by any other means than 
by reflecting thofe which either are of their 
own Colour, or which by mixture mufl: pro- 
duce it. 

But in trying Experiments of this kind care 
muft be had that the Light be fufhciently ho- 
mogeneal. For if Bodies be illuminated by the 
ordinary prifmatick Colours, they will appear 
neither of their own Day-light Colours, nor of 
the Colour of the Light cail on them, but of 

fome 
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fome middle Colour between both, as I have 
found by Experience; Thus x^d Lead (for in- 
ftance) illuminated with the ordinary prifma- 
tlck green will not appear either red or green, 
but orange or yellow, or between yellow and 
green, accordingly as the green Light by which 
'tis illuminated is more or lefs compounded. 
For becaufe red Lead appears red when illumi- 
nated with white Light, wherein all forts of 
Rays are equally mix'd, and in the green Light 
all forts of Rays are not equally mix'd, the Ex- 
cefs of the yellow-making , green-making and 
blue-making Rays in the incident green Light, 
will caufe thofe Rays to abound fo much in the 
refleded Light, as to draw the Colour from red 
towards their Colour. And becaufe the red Lead 
reflefts the red-making Rays moflr copioujQy in 
proportion to iheir number, and next after tlieni 
the orange-making and yellow-making Rays; 
thefe Rays in the refledted Light will be more in 
proportion to the Light than they were in the in^ 
cident green Light, and thereby will draw the 
refleded Light from green towards their Co- 
lour. And therefore the red Lead will appear 
neither red nor green, but of a Colour betwefii 
both. 

In tranfparently colour'd Liquors 'tis obfbr- 
vable, that their Colour ufes to vary with their 
thicknefs. Thus, for irfftance, a red Liquor in 
a conical Glafs held between the Light and the 
Eye, looks of a pale and dilute yellow at the 
bottom wliere 'tis thin, and a little higher where 
'tis thicker grows orange, and where 'tis ftiil 
diicker becomes red, and where 'tis thickeft 

the 
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the red is deepefl and darkeft. For it is to be 
eonceiv'd that %:h a Liquor, Hops the, indigo- 
making and violet-making Rays moft e^fily, the 
blue-making Rays more difficultly, the green- 
makin^ Rays ftill more difficultly, and the red- 
making moil difficultly : And that if the thick- 
nefs ot the Liquor be only fo much as fuffices 
to ftop a competent number of the violet-ma- 
king and indigo-making Rays, without dinii- 
niihing much the number of the reft, the reft 
muft (by Prop. 6. P^r/' 2.) compound a pale 
yellow. But if the Liquor be fo much thicker 
as to ftop alfo a great number of tlieSslue-ma- 
king Rays, and? fome of the green-making, the 
reftmuft compound an orange j and wliere it is 
fo thick as to ftop alfo a great number of the 
green-making and a confiderable number of the 
yellow-making, the reft muft begia to compound 
a red, and thrs red muft grow deeper and darker 
as the yellow-making and orange-naaking Rays 
are more and more ftopp'd by increaiing the 
thicknefs of the Liquor, fo that few Rays befides 
the red-making can get through. 

Of this kind is an Experiment lately related 
xo me by Mr. Hal ley, who, in diving deep into 
the Sea in a diving Veftel, found in a clear Sun- 
fhine Day, that when he was funk many Fa- 
thoms deep into the Water, the upper part of 
his Hand on which* the Sun fhone diredly 
through the \¥attT and through a fmall Glafs 
Window in the VeiTel appeared of a red Co- 
lour, like that of a Damask Rofe, and the Wa- 
ter below and the under part of his Hand 
illuminated by Light refle<5ted from the Water 

below 
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below look'd green. For theiice it may be ga- 
ther'd, that the Sea- Water refleds back the violet 
and bhie-making Rays moil eafily, and lets the 
red-making Rays pafs.moft freely and copioufly to 
»reat Depths. For thereby the Sun's dh*ed: Light 
at all great Depths, by reafon of the predomi- 
nating red-making Rays, muft appear red ; and 
the greater the Depth is, the fuller and in- 
tenfer muft that red be. And at fuch Depths 
as the violet-making Rays fcarcc penetrate unto, 
the blue-making, green-^making, and yellow- 
making Rays being reiieded from below more 
copioufly than the red-making ones, muft com- 
pound a green. 

Now, if there be tw^o Liquors of full Colours, 
fuppofe a red and a blue, and both of them Co 
thick as fufiices to make their Colours fufficiently 
full; though either Liquor be fufficiently tranfpai- 
rent apal-t, yet will you not be able to fee thfough 
both together. For, if only the red-making Rays 
pafs through one Liquor, arid only the blue- 
making through the other, no 'Rays can pals 
through both. This Mr. Haok tried cSfually 
with Glafs Wedges filled vM\ red and blue Li- 
quors, and was furprized at the unexpedled Event, 
the reafon of it being then unknown j whiek 
makes me truft the more to his Experimeiit, 
though I have not tried it my felf. But he 
that would repeat it, muft take- care the Li- 
quors be of very good and full Colours. 

Now, whilft Bodies become coloured by refled:- 
ing or tranfmitting this or that fort of Rays more 
copioufly than the reft, it is to be conceived that 
they ftop and ftiflc in themfelves the Rays 

M wW^h 
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which they do not refledt or tranfmit. For, if 
Gold be foliated and held between your Eye and 
the Light, the Light looks of a greenifh blue, 
and therefore maffy Gold lets into its Body the 
blue-making Rays to be refleAed to and fro 
*within it till they be ftopp'd and ftifled, whilH 
it refleds the yellow-making outwards, and 
thereby looks yellow. And much after the fame 
manner that Leaf Gold is yellow by refleded, 
and blue by tranfmitted Light, and mafly Gold 
is , yellow in all Pofitions of the Eye ; there are 
fome Liquors, as the Tindure of Lignum 
Nephrttkum^ and fome forts of Glafs which 
tranfmit one fort of Light moft copioufly, and 
refled another foYt, and thereby look of feve- 
ral Colours, according to the Pofition of the 
Eye to the Light. But, if thefe Liquors or 
Glaifes were fo thick .and maffy that no Light 
could get through them, I queftion not but they 
would like all other opake Bodies appear of 
one and the fame Colour in all Poiitions of the 
Eye, though this I cannot yet affirm by Expe- 
rience; For all colour'd Bodies, fo far as my 
Obfervation reaches, may "be ittn through if 
made fufficiently thin, and therefore are in fome 
meafure tranfparent, and differ only in degrees 
of Tranfparency from tinged tranfparent Li- 
quors y thefe Liquors, as well as thofe Bodies, 
by a fufficient Thicknefs becoming opake. A 
tranfparent Body which looks of any Colour by 
tranfmitted Light, may alfo look of xhe fame 
Colour by refleded Light, the Light of that 
Colour being refleded by the farther Surface 
Qi the Body, or by the Air beyond it. And 

then 
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then the refleded Cplour will be diminifhed, and 
perhaps ceafe, by ibaking the Body very thick, 
and pitching it on the backfide to diminifh the 
Reflexion of its farther Surface, fo that the Light 
refledted from the tinging Particles may predomi- 
nate. In fuch Cafes, the Colour of the refle^fted 
Light will be apt to vary from that of the Light 
tranfmitted. But whence it is that tinged Bo- 
dies and Liquors refled fome fort of Rays, arid 
intromit or tranfmit other forts, fhall be faid in 
the next Book. In this Propofition I content my 
felf to have put it paft difpute, that Bodies have 
fuch Properties, and thence appear coloured.: 



PROP. XI. Prob. VL 

By mixing colour d Lights to compound a 
beam of Light of the fame Colour and 
Nature with a beam of the Suns direSi 
Lights . and therein to experience th^ 
Truth of the foregoing Propofitions. 

LET ABC abc [in Fig. 16. 1 reprefent a 
Prifm, by which the Sun's Light let into 
a dark Chamber through the Hole F, may be* 
refraded towards the Lens MN, and paint upon 
it at />, ^, r, 5, and f, the ufual Colours vio- 
let, blue, green, yellow, and red, and let the 
diverging Rays by the Refradion of this Lens 
converge again towards' X, and there, by the 
mixture of all thofe their Colours, compound a 
white according to what, was fhewn above. 

M 2 Then 
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Then let another Prifm DEG i/f^, parallel to: 
the former, be placed at X, to refrad that white- 
Light upwards towards Y. Let thie refrading 
Angles of the Prifms, and theif dlftances froni 
the Lens be equal, fo that the Rays which con- 
verged from the Lens towards X, and without- 
Refradion, would there have croffed and 'di- 
verged again, may by the Refraftion of the fe- 
cond Prifrh be reduced into Parallelifm and' 
diverge, no more. For then thofe Rays will re^ 
compofe a beam of white Light XY. If the 
refrafting Angle of either Prifm be. the biggei*j 
that Priim muft be fo much the nearer to th6 
Lens. You will know when the Prifms and the 
Lens are well fet together, by obferving if the 
beam of Light X Y, which conies out of the fe- 
cond Prifm be perfecftly white to the very edges 
of the Light, and at all diftances from the Priftii- 
continue perfectly and totally white like a beam 
of ^the Sun's Light. For till this happens, the 
Poiition of the Prifms and Lens to one another 
muft be corfeded j and then if by the help of a 
long beam of Wood, as is reprefented in the 
Figure, or by a Tube, or fome other fuch In- 
ftrument made for that Purpofe, they be mad| 
fail in that Situation, you may try all the faml. 
Experiments in this compounded beam of Light 
X Y, which have been made in the Sun's dirc€t 
Light. For this compounded beam of Light 
has the fame appearance, and is endow'd with 
all the fame Properties with a dired: beam of the 
Sun's Light, fo far as my Obfervation reaches.- 
And in trying Experiments in this beam you 
may by flopping any of the Colours /, ^, r, i, 

and 
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■and ty at the Lejis, fee how tlie Colours produced 
in the Experiinents are no other than thpfe which 
the Rays ha4 at the Lens before tl>ey entered the 
Compofition of this Beam : And by coniequenpe> 
that they arife not from any new Modifications of 
fhe Light by Refra(£tions and Reflexions, but from 
fhe various Separations and Mixtures of the Rays 
originally endow'd with their colour-making Qua- 
lities. 

So, for inflance, having with a Lens 4^ Inches 
hroad, and two Prifms on either hand 6i Feet 
diftant from the Lens, made fuch a beam ol' 
compounded Light j to examine the reafon of ^ 
the Colours made by Prifms, I rcfraded this com* 
pounded beg.pi of Light XY with another Prifm 
HIK kh^ and thereby caft the ufual Prifma- 
yick Colours PQRST upon the Paper LV 
placed behind- 4nd then by ftoppjng any of 
the Colours /, q^ f\ s, /, at the Lens, I found 
that the fame Colour would vanifli at the Pa- 
per. So if the Purple p was ftopp'd at the 
Lens, the Purple P upon the Paper would vanifh, 
and the reft of the Colours would remain un- 
alter'd, unlefs perhaps the blue, fo far as fome 
purple latent in it at* the Lens might be fepa- 
rated from it by the following Refradjons. And 
fo by intercepti|ig the grqen upon the Lens, the 
green R upon tbie Paper would vanifli, and^fo 
of the reft j which plainly £hcws, that as the 
whjite beam of Light XY was compounded of 
feveral Lights variouily colour 'd at the Lens, 
fo ihe Colours which afterwards emerge out of 
it J by new Refr^<^ions are no other than thofe 
of which its Whitenefs was compounded. The 

M z Refi-adtlon 
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Refradion of the Prifm HIK ^^ generates the 
Colours PC^RST upon the Paper, no^by chan- 
ging the colorific Qualities of the Rays, 'but by 
fcparating the Rays which had the very fame colo^ 
rific Qualities before they enter'd the Compofition 
of the refraded beam of white Light X Y. For 
otherwife the Rays which were of one Colour at 
the Lens might be of another upon the Paper, 
contrary to what we find. 

So again, to examine the reafon of the Co- 
lours of natural Bodies, I placed fuch Bodies 
in the Beam of Light XY, and found that they 
all appeared there of thofe their own Colours 
which they have in Day-light, and that thofe 
Colours depend upon, the Rays which had the 
fame Colours at the Lens before they enter'd the 
Compofition of that beam. Thus, for inftance, 
Cinnaber illuminated b^ this beam appears of 
the fame red Colour as in Day-light ; and if 
at the Lens you intercept the green-making and 
blue^making Rays, its rednefs will become more 
full and lively: But if you there intercept the 
red-naaking Rays, it will not any longer ap- 
pear red, but become yellow or green, or of 
fome other Colour, according to the ibrts of 
Rays which you do not intercept. So Gold 
in this Light XY appears of the fame yellow 
Colour as in Day-light, but by intercepting at 
the Lens a due Quantity of the yellow-making 
Rays it will appear white like Silver (as I have 
tried ) which fhews that its yellownefs arifes from 
the Excefs of the intercepted Rays tinging that 
Whitenefs with their Colour when they are let 
pafs. So the Infufion of hignum t^^hritkum 
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(as I have alfo tried) when held, in this beam of 
Light XY, looks blue by the reflecfted Parf of the 
Light, and red by the tranfmitted Part of it, as 
when 'tis view'd in Day-light j but if you intercept 
the blue at the Lens the Infufion will lofe i^s te^ 
fleded blue Colour, whilfi its tranfmitted red re- 
mains perfed, and by the lofs of fome blue- 
making Rays, wherewith it was allay'd, beoom^ 
more intenfe and full. And, on the contrary, if 
the red and orange-making Rays be intercepted at 
the Lens, the Inmfion will lofe its tranfmitted red; 
whilft its blue will remaia and become more full 
and perfect. Which Ihews, that the InBiiion 
does not tinge the Rays with blue and red, but 
only.tranfmit thofe moft copiouQy which were 
red-making before, and refleds thofe jnoft copi- 
oufly which were blue-making before. And aitcr 
the fame manner may theReafons of other Phaeno- 
mena be examined, by trying them in this artificM 
beam of Light XY, 
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PART I. 



Obfervations cQiiceming thS Reflexions y Re- 
fraEilonSy and Colours of thin tranfpa- 
rent Bodies. 

T has been obferved by others, 
that trail Iparcnt Subftances, as 
Glaftj Water, Air, GV. when 
made \ery thin by being blown 
into Bubbles, or otherwife formed 
into Plates, do exhibit various Co- 
lours according to thck various thinnefs, aitho' at 

a greater 
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a greater thicknefs they appear very clear and 
colour] efs. In tlie former Book I forbore to 
treat of thefe Colours, becaufe they feemed pf-*a 
more difficult Confideration, and were not neeeP- 
fary for cftabliihing the Properties of Light th^re 
difcourfed of. But becaufe >they may conduce tx> 
farther Difcoveries for compleating the Theory gf 
Light, efpecially as to the conftitutipn of the 
parts of natural Bpdiep, on which their Colours 
or Tranfparency depend j I have here fet down 
an account of them. To render this Difcourfe 
fhort and diilind:, I have firft defJrjbed the prin- 
cipal of my Obfei-vations, and then confider'd 
and made ufe of them. The Obfervations are 
thefe. 

Obf, I. Compr&ffing two Prifms hard toge- 
ther that their lidcs ( which by chance were a. 
very little convex) might fome where touch one 
another : I found the place in whidi they tpueji^ 
ed to become abfolutely tranfparent, pf? if they 
had there been one continued piece of Qlafs. 
For when the Light fell fo obliquely on the 
Air, which in other places was between them, 
as to be all refledlcd J it feemed in that place of 
contact to be wholly tranfmitted, info^iuch that 
when Jook'd upon, it appeared like a hlack or 
dark fpot, by reafon that little pr rq fepfible' 
Light was refiedled from thence, as from other 
" places ; and when looked through it feemed ( asi 
It were) a hole in that Air which was formed 
into a thin Plate, by being coipprefs'd between 
the GlafTps, And through this hole Qbjeds that 
were beyond might be feen diftindly, which 
.could not at all be k^n through other parts of 

the 
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the GlaffeS where the ^Ir was inteijacent. Al- 
though the Glafles were a little convex, yet this 
tranfparent fpot was of a cqnfidferable breadth, 
which breadth feemed principally to proceed 
from the yielding inwards of the parts of the 
Glaffes,' .by reafon of their mutual prefTure* For 
by preffing them very hard "together it would be- 
come much broader than otherwife. 

Obf. 2. When the Plate of Air, by turning 
the Prifms about their common Axis, became fo 
little inclined to the incident Rays, that fome of 
them began to* be tranfmitted, there arofe in it 
many (lender Arcs of Colours which at firft were 
fliaped almoft like the Conchoid , as you fee 
them delineated in the firft Figure. And by con- 
tinuing the Motion of the Prifms, thefe Arcs 
increafed and bended more and more* about the 
faid tranfparent fpot, till they were compleated 
into Circles or R ings incompaffing it , and af- 
terwards continually grew more and more con- 
traded. 

Thefe Arcs at their firft appearance were of 
a violet and blue Colour , and between them 
were white Arcs of Circles , which prefently 
by continuing the Motion of the Prifms became 
a little tinged in their inward Lirnbs with red 
and yellow, and to their outward Limbs the 
blue was adjacent. So that the order of thefe 
Colours from the central dark fpot, v^s at that 
time white, blue, violet j black,, red, orange, 
yellow, white, blue, violet, &c. But the yel- 
low and red were much fainter than the blue and 
violet. 

. 2 Th^ 
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The Motion of the Prifms about their Axis 
being continued, thefe Colours contriaded more 
and more, Shrinking towards the whitetiefs oh. 
either fide of it, until they totally vaniihed into 
it. And then the Circles in thofe parts appeared 
black and white, without any other Colours in- 
terniix'd. But by farther moving the Prifms 
about, the Colours again emerged out of the 
whitenefs , the violet and blue at its inward 
Limb, and at its outward Limb the red and yel- 
low. So that now their order from the central 
Spot was white, • yellow , red 5 black; violet; 
blue, white, yellow, red, &c, contrary to what . 
it was before. 

Obf. 3. When the Rings or fome parts of 
them appeared only black and white, they were 
very diftin£t and well defined, and the blacknefs 
feemed as intenfe as that of the Central Spot. 
Alfo in the Borders of the Rings, where the 
Colours began to emerge out of the white- 
nefs, they were pretty diftind , which made 
them vifible to a very great multitude. I have 
fometimes number'd above ' thirty Succeffions 
(reckoning every black and white Ring for one 
Succeffion) and feen more of them, which by 
reafon of their fmalnefs I» could not number. 
But in other Pofitions of the Prifms, at which 
the Rings appeared of many Colours, I could 
not diftinguifh above eight or nine of them, and 
the Exterior of thofe were very confufed and 
dilute. ■ 

In thefe two Obfervations to fee the Rings di- 
ftind, and without any other Colour than bl^ck 
and white, I found it neceflary to hold my Eye 

at 
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at a good diflancc from them. For by ap- 
proaching nearer, although in the fame inclina- 
tion of my Eye to the Plane of the Rings, there' 
emerged a bluifh Colour out of the white, 
which by dilating it felf more and rqore into 
the black, render'd the Circles lefs liiftind:, and 
left the white a little tinged with red and yel- 
low. I found alfo by looking through a iiit or 
oblong hole, which was narrower than the pupil 
of my Eye, and held clofe to it parallel to tlie 
Prifms, I could fee the Circles much diftinfter 
and vifibie to a far greater number than other- 
wile. 

Obf. 4. To obferve more nicely the order of 
the Colours which arofe out of the white Cir- 
cles as the Rays became lefs and lefs inclined 
to the Plate, of Aiij I took two Objedi-glaffes, 
the one a Plano-convex for ,a fourteen Foot 
Telefcope, and the other a large double Con- 
vex for one of abo\it fifty Fopt; and upon this, 
laying the other with its plane fide downwards, 
I prefled them llowly together ^ to make the 
Colours fucccffively emerge in the middle of the 
Circles, and then {lowly lifted the upper Glafs 
from the lower to make them fucceifively vaniCh 
again in the fame place. The Colour, which 
by preiling the Glaffes together, emerged laft in 
the middle of the other Colours, Would upon its 
firfl appearance look like a Circle of a Colour 
almoll: unifoim from the circumference to the 
center, and by coniprefiing the Glaffes ilill more, 
grow continually broader until a n©w Colour 
emerged in its center, and thpreby it. became a 
King encompaffnig that new Colour. Ao4 by 

I com- 
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cbmpreffing the GlaSes illll niore^ • the diameter 
of this Riog would increafe, and the bf eadth of 
its Orbit of Perimeter dtefeafe until another new' 
Colour emerged in the center of th6 laft: And- 
fo on until a third, a fourth, a fifth, and othei^' 
following new dolotrfs fucccflively ""emiSfged 
there, and becanie Rings encompaffing the inner-' 
moft Coloutj the laft of which was the black 
Spot. And, on the'^c^ntfary, by lifting up thei 
upper Glafs frorli the lower, the ditlnletcr of the 
Rings would decreafe, and the breadth of- their' 
Orbit increafe, until their Colours reached fuG- 
ceffively to the center j and then they being of a' 
confiderable breadth, I could more elflly difcesn- 
arid diftinguifh their Species than before. And 
by this means I obferv'd their Succeffion and- 
Quantity to be as followeth. * - 

Next to the pellucid central Spot made by 
the contac!!: of the GMes fucceeded blue, white, 
yellow^ and red. The blue was fo little in quan- 
tity, that J could not difcern it in the Circles 
made by the Prifms, nor could I well diftinguiili 
any violet in it, but the yellow and red were 
pretty copious, and .feerned about as much in- 
extent as the white, and four or five times more 
than the blue. The next Circuit in order of 
Colours immediately encompaffing thcfe were 
violet, blue, green, yellow, and red: and thefe 
were all of them eopi^dus and vivid, excepting 
the green, .which was very little in quantity^ and 
feemed much more faint and dilute than the 
other Colours. Of the other four^ the vio- 
let was the leaft in extent, and the blue lefs 
than the yellow or red. The thil-d Circuit of 

Order 
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Orier was purple, blue, green, yellow, and 
red;* in which the purple feemed more reddifh 
than the violet in the * former Circuit, and the 
green was much more confpicuous , being as 
brisk and copious as any of the other Colours, 
except the yellow, but the red began to be a lit- 
tle faded, inclining very much to purple. Af- 
ter this fucceeded the fourth Circuit of green 
and red. The green w^as very copious and live- 
ly, inclining *on the one fide to blue, and on 
the other fide to yellow. But in this fourth 
Circuit there was neither violet, blue, nor yel- 
low, and the red was very, imperfed and dir- 
t}'. Alfo the fucceeding Colours became more 
and more imperfect and dilute, till after three 
or four revolutions they ended in perfect 
whitenefs. Thefr form, when the Glafles were 
moft comprefs'd fo as to make the black Spot 
appear in the center, is delineated in the fe- 
cond Figure? where a, b, c, J, e : j\ g, hy /, 
k: /, m, », Oy p: q^ r : s, t : v, x: 7,^ de- 
note the Colours reckon'd in order from the 
center, black, blue, white, yellow, red : vio- 
let, blue, green, yellow,. fed: purple, blue, 
green, yellow, red: green, red: greenifh blue, 
red: greenilh blue, pale red: greenifh blue, 
reddifh white. 

Obf. 5. To determine the interval of the 
Glafles, or thicknefs of the interjacent Air, by 
which each Colour was produced, I ^meafured 
the Diameters of the firfi: fix Rings at the moft 
lucid part of their Orbits, and fquaring them, I 
found their Squares to be in the arithmetical Pro- 
greflioii of the odd Numbers, i, 3, 5, 7, 9, 11* 

AAd 
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And rmce one of thefe Glafles was plane, and 
the other fpherical, their Intervals at thofe Rings 
muft be in the fame Progreffion. I meafured alfo 
the Diameters of the dark or faint Rings between 
the more lucid Colours, and found their Squares 
to be in the arithmetical Progreffion erf the even 
Numbers, 2, 4' ^^ ^> ^^' ^2. And it being very 
nice and difficult to take thefe meafures exadlyj 
I repeated them divers times at divers parts of 
the piaffes, that by their Agreement I might be 
confirmed in them. And the fame, method I ufed 
in determining fome others of the following Gb- 

fervations. 

Obf.6. The Diameter of the fixth Ring at 

the moft lucid part of its. Orbit was ^ parts of 

an Inch, and the Diameter of the Sphere on 
which the double convex Objea:-glafs was 
ground was about 102 Feet, and hence I ^ga-^ 
thered the thicknefs of the Air or Aereal Inter- 
val of the Glaffes at that Ring. But fome, time 
after, fufpedting that in making this Obfervatioh 
I had not determined the Diameter of the 
Sphere with fufficient accuratenefs, and being 
uncertain whether the Plano-convex Glafs wa& 
truly plane, and not fomething* concave or^con- 
vex on that fide which I accounted plane ; and 
whether I had not preffed the Glaffes together^ 
as I often did, to make them touch; (For by 
preffing fuch Glaffes together their parts eafily 
yield inwards, and the Rings thereby become 
fenfibly broader than they would be, did -the 
Glaffes keep their Figures.) I repeated the 
Experiment, and found the Diameter of the 

• fixth 
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fixth lucid Ring about — - parts of an Inch. 1 

repeated the Experiment alfb with iuch an Ob- 
jed-glafs of another Telefcope as I had at hand. 
This was a double Convex ground ^ on both 
fides to one and the fame Sphere, and its Fo- 
cus was diftant from it S3 ^ Inches. And thence, 
if the Sines of Incidence and Refraction of the 
bright yellow Light . be ailumed in proportion 
as II to 17, the Diameter of the Sphere to 
which the Glafs was figured will by computa- 
tion be found 182 Inches. This Glafs I laid 
upon a flat one, fo that the black Spot appear- 
ed in the middle of the Rings of Colours -v^ith- 
out any other Preffure than that of the weight 
of the Glals. And now meafuring the Diame- 
ter of the fifth dark Circle as accurately as I 
could, I found it the fifth part of an Inch pre- 
cifely. This Meafurc was taken with the points 
of a pair of CompafTes on the upper Surface 
on the upper Glafs, and my Eye was about 
eight or nine Inches diftance from the Glafs, 
almoft perpendicularly over it, and the Glafs 
was r of an Inch thick, and thence it is eafy to 
colled that the true Diameter of the Ring be- 
tween the GlalleS was greater than its meafur'd 
Diameter above the Glaffes in the Proportion 
of 80 to 79, or thereabouts, and by confequence 
equal to 2.^ parts of an Inch, and its true Semi- 
diameter equal to t> parts. Now as the Dia- 
meter of the Sphere ( 182 Inches) is to the Se- 
mi-diameter of this fifth dark Ring {„«- parts of 
an Inch ) fo is this Semi-diameter to the thick- 
nefs of the Air at this fifth dark Ring j, which is 

• there- 
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therefore -.^^— or "-i^ Parts of an Inch ; and 
567931 1774784 

the fifth Part thereof, ijiz. the -^^ Part of. an 

10739 

Inch, is the Thicknefs of the Air at the firil 
of thefe dark Rings* 

The fame Experiment I repeated with anothet 
double convex Objcd-glafs ground oh both lides 
to one and the fame Sphere. Its Focus was di- 
ftant from it i68f Inches, and therefore the Dia- 
meter of that Sphere was 1 84 Inches. This 
Glafs being laid upon the fame plain Glafs, 
the Diameter of the fifth of the dark Rings, 
when the black Spot in their Center appear'd 
plainly without preliing the GlalTes, was by the 
meafure of the Compalfes upon the upper Glafs 

!li Parts of an Inch, and by confequence be- 

tween the Glaffes it was ^^ : For the upper Glafs 

was ' of an Inch thick, and iny Eye was diftant 
from it 8 Inches. Arid a third proportional to 
half this from the Diameter ot the Sphere is 

— ^ Parts of an Inch. This is therefore the 
88850 

Thicknefs of the Air at this Ring, and a fifth 
Part thereof, ^jiz. the ~^th Part of an Inch is 

the Thicknefs thereof at the iirft of the Rings, as 
above. . 

I tried the fame Thing, by laying thefe Objed:- 
glafles upoij tlac Pieces of a broken Looking- 
glafs, and found tne fime Meafures of the 
JRing^ : Which makes me rely upon them till 

N they 
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they can be determin'd more accurately bj^Cla^s 
ground to larger Spheres, though in fuch GlalTes 
greater care niufl be taken of a true Plane. 

Thefe Dimenfions were taken, when my Eyp 
was placed almoft perpendicularly oyer the Glaf- 
fes, being about an Inch, or an Inch and a quar- 
ter, diftant from the incident Rays, and eight 
Inches diftant from the Glafs ; fo that the Rays 
were inclined to the Glafs in an Angle of about 
four Degrees. Whence by the following Obfer- 
vation you will underftand, that had the Rays 
been perpendicular to the GlafTes, * the Thicknefs 
of the Air at thefe Rings would have been lefs in 
the Proportion of the Radius to the Secant of four 
Degrees, that is, of loooo to 10024. Let the 
ThicknelTes found be therefore diminifh'd in this 

"Proportion, and they will become r~ and -^ — 
or ( to ufe the neareft round Number ) the 
^^th Part of ai> Inch. This is the Thicknefs of 
the Air at the darkeft Part of the iirft dark Ring 
made by perpendicular Rays ) and half this Thick- 
nefs multiplied by the Progreffion, i, 3, 5, 7, 9, 
ji,&c. gives the Thickneiies of the Air at the 
moft luminous Parts of all the brighteft Rings, viz. 

178000^ 1780005 178000) i78ooo> ^^' ^^^^^ arithme- 
tical Means ^^,-3^-, ^-^^^^^ being its 

ThicknefTes at the darkeil Parts of all the dark 
ones. 
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Ohf.j. The Rings Were leaft, when my Eye 
was placed perpendicularly over theGlaiTes in the 
Axis of the Rings : And when I view'd them 
obliquely they became bigger, continually fwel- 
ling as I removed my Eye farther from the Axis. 
And partly by meafuring the Diameter of the 
fame Circle at feveral Obliquities of my Eye, 
partly by other Means, as alfo by making ufe of 
the two Prifms for very great Obliquities, I found 
. its Diameter, and confequently the Thicknefs of 
the Air at its Perimeter in all thofe Obliquities to 
be very nearly in the Proportions exprefs'd in 
this Table. 
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In the two firfl Columns are exprefs'd the Obli- 
quities of the incident and emergent Rays to the 
Plate of the Air, that is, their Angles of Inci- 
dence and Refra(ftion. In the third Column the 
Diameter of any colour'd Ring at thofe Obliqui- 
ties is exprelTed in Parts, of which ten conftitute 
that Diameter when the Rays are perpendicular. 
And in the fourth Column the Thicknefs of 
the Air at the Circumference of that Ring is 
exprelfed in Parts, of which alfo ten confti- 
tute its Thicknefs when the Rays are perpen- 
dicular. 

And from thefe Meafures I feem to gather 
this Rule: That the Thicknefs of the Air is pro- 
portional to the Secant of an Angle, whofe Sine 
is a certain mean Proportional between the Sines^ 
of Incidence and Refraction. And that mean 
Proportional, fo far as by thefe Meafures. I can 
determine it, is the iirfl of an hundred and fix 
arithmetical mean Proportionals between thofe 
Sines counted from the bigger Sine, that is, 
from the Sine of Refradtion when the Re- 
fradion is made out of the Glafs into the 
Plate of Air, or from the Sine of Incidence when 
the Refraction is made out of the Plate of Air 
into the Glafs. 

Ohf. 8. The dark Spot in the middle of the 
Rings increafcd alfo by the Obliquation of the 
Eye, although almoft infenfibly. But, if inftead; 
of the Objed-g'lalTes the Prifms were made ufe 
.of, its Increafe was more manifeft when viewed 
fo obliquely that no Colours appear 'd about 
it. It was ieaft when the Rays were incident 
liioft obliquely on the interjacent Air, and . as 

■the 
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tlie obliquity decreafed it increafed more and 
more until the colour'd^ Rings appear'd,^ and 
then decreafed again, but not fo much as. it in- 
creafed before. And hence it is evident, that 
the Tranfparency was not only at the abfolute 
Contad of the GlalTes, but alfo where they had 
fome little Interval. I have fometimes obierved 
the Diameter of that Spot to be between half 
and two fifth parts of the Diameter of the ex- 
terior Circumference of the red in the firft Cir- 
cuit or Revolution of Colours when viev/'d al- 
moft perpendicularly j whereas when view'd ob- 
liquely it hath wholly vanifh'd and become 
opake and white like the other parts of the 
Glafs ; whence it may be colledled that the 
GlajQTes did then fcarcely, or not at all, touch 
one another, and that their Interval at the pe- 
rimeter of that Spot when viev/'d perpendicu- 
larly was about a fifth or fixth part of their In- 
terval at the circumference of the faid red. 

ObJerv..g. By looking through the two conti- 
guous Objea-giaiTes, I found that the interja- 
cent Air exhibited Rings of Colours, as well 
by tranfmitting Light as by refleaing it. ^ The 
central Spot was now white, and from it the 
order of the Colours were yellowiih red 5 black, 
violet, blue, white, yellow, red; violet, blue, 
green, yellow , red, ' &c. But 'thefe Colours 
were very faint and dilute, unlefs when the 
Light was trajeded very oblia^ueiy through the 
Glaffes : For by that means they became pretty 
■ vivid. Only the firfl yellowifh red , like tlie 
blue in the fourth Obfervation, was fo littfe and 
faint as Icarcely to be difcern'd; Coiiiparing 

]^ 3 die 
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the colour'd Rings made by Reflexion, wkH 
thefe made by tranfmiffion of the Light j I 
found that white was c5ppolite to black, red to 
blue, yellow to violet, and green to a Compound 
of red and violet. That is, thofe parts of the. 
Glafs were black when looked through, which 
when looked upon appeared white, and on the 
contrary. And fo thofe which in one cafe exhi- 
bited blue, did iii the other cafe exhibit red. 
And the like of the other Colours. The man^ 
ner you have reprefented in the third Figure, 
where A B, CD, are the Surfaces of theGlaifes 
contiguous at E, and the black Lines between 
them are their Diftances in arithmetical Prggref- 
fion, and the Colours written above are feen by 
refleded Light, and thofe below by Light tranf- 
mitted. 

O/pf. 10. Wetting the Objed-glafles a little 
at their edges, ' the Water crept in ilowly be- 
tween them, and the Circles thereby became 
iefs and the Colours more faint : Infomuch that 
as the \¥ater crept along, one half of them at 
which it iiril arrived w^ould appear broken oiF 
from the other half, and contracted into a Iefs 
Room. By meafuring them I found the Pro- 
portions of their Diameters to the Diameters of 
the like Circles made by Air to be about feven 
to eight, and confequently the Intervals of the 
Glaiies at like Circles, caufed by thoie two Me- 
diums Water and Air, are as about three to four. 
Perhaps it may be a general Rule, That if any • 
other Medium more or Iefs denfe than Water 
be comprefs'd between the Glaffes, their Inter- 
vals at the Rings caufed thereby will be to their 

Intervals 
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fntervals catifcd by interjacent Air, as the Sines 
are which meafure the Refradlion made out of 
Ihat Mediunn into Air. 

Ohf. II. When the Water was between the 
GlalTes, if I prefTed the upper Glafs varioiiily at 
ies edges to make the Rings move nimbly from' 
one place to another, a little white Spot woiild^ 
knmediately fallow the center of them, which- 
upon creeping in of the ambient Water into thktf 
place would prefently vanifli. Its appearance^ 
was fuch as interjacent Air would have 6aufed, 
and it exhibited the fame Colours. But it was^ 
not Air, for where any Bubbles of Air were in- 
the Water they would not vanifli. The Refle- 
xion muil have rather been caufed by a fubtilef 
.Medium, which could recede through the Glaf- 
fes at the creeping in of the Water. 

06/1 12. Thefe Gbfervations were made in' 
the open Air. But farther to examine the Effects' 
of colour'd Light falling on the Glafles, I dar-^ 
ken'd the Room, and view'd them by Reflexion' 
of the Colours of a Prifm caft on a Sheet of 
white Paper, my Eye being fo placed that P 
could fee the colour'd Paper by Reflfexion in the 
Glafles , as in a Looking-glafs. And' by this* 
means the Rings became difl:in<ft'er and vifible to* 
a far greater number than in the open Air. P 
have fometimes k&iv more than twenty of them; 
whereas in the open Air I could not dilcepn above 
eight or nine. 

Ohjl 13. Appointing an Aflifl:*ant to move the 
Prifm to and fro about its Axis, that all the 
Colours might fucceffively fall on that part of 
the Paper which I faw by 'Reflexion froili that 
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part of the GlalTes, where the Circles appeared, 
fo that all the Colours might be fucceffively re- 
ceded from the Circles to my Eye whilft I held 
it immovable, I found the Circles %yhich the 
red Light made to be manifeftly bigger than 
tbofe. which were made by the blue and violet. 
And ii was very pleafint tq> fee them gradually 
fweli or contr^d; accordingly as the Colour of the 
Light was changed. The Interval of the Glaf- 
fes at any of the Rings when they were made by 
the urmoft red Light, was to their Interval at the' 
fiime Ring when made by the utmofl violet, 
{greater than as 3 to 2, and lefs than as 13 to 8. 
By the moil of my Obfervations it was- as 14 to 
9. And this Proportion feem'd very nearly the 
fame in all Obliquities of my Eye j unkfs when . 
two Prifms were made ufe of inftead of the Ob- 
jed-glafles. For then at a certain great obliquity 
of my L)'e, the Rings made by the feveral Co- 
lours fccm'd equal, and at a greater obliquity 
thofe made by the violet would be greater than 
the fame Rings made by the red; the Refra^ion 
of the Prifm in this cafe caufing the moft refran- 
gible Rays to fall more obliquely on that plate of 
the Air than the leaft refrangible ones. Thus 
the Experiment fucceeded in the colour'd- Light, 
v/hicli was fafficicntly flrong and copious to. 
make the Rings fenfible. And thence it may be. 
gathered, tliat if the moft refrangible and leaft 
refrangible Rays had been copious enough to, 
make the Rings fenfible without the mixture of 
other Rays, the Proportion which here v/as 14 to 
9 would have b^en a little greater^ fuppofe 14? 
or 14-3 to 9. 
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Ohf. 14. Whilil the Prifm was turri'd about 
its Axis with an uniform Motion, to make all 
the feveral Colours fall fucceifively upon the 
Objed-glaffes, and thereby to 'make, the Rings 
contrad and dilate: The Contradion or Dilata- 
tion of each Ring thus made by the variation of 
its Colour was fwjfteft in the red, and llbweil 
in the violet, and in the intermediate Colours 
it had intermediate degrees of Celerity. Com-, 
paring the quantity of Contradion and Dilata- 
tion made by all the degrees of each Colour, I 
found that it was greatefl in the red^ lefs in 
the yellov/, ftill lefs in the blue, and leaft in the 
violet. And to make a.s jufi: an Eftimation as I 
could of the Proportions of their Contradions 
or Dilatations, I obfervM that the whole Con- 
tradion or Dilatation of the Diameter of any • 
Ring made by all the degrees of red, was to - 
that of the Diameter of the fame Ring made by 
all the degrees of violet, as about four to three, ,^. 
or five to four, and that when the Light was 
of the middle Colour between yellow and green, 
the Diamxeter of the Ring was very nearly an 
arithmetical Mean between the greatefl Diame- 
ter of the fame Ring made by the outmoil red, 
and the leail Diameter thereof made by the 
outmoft violet: Contrary to what happens in 
the Colours of the oblong Spedrum made by 
the Refradion of a Prifm, where the red is 
moft contraded, the violet moil expanded, 
and in the midft of all the Colours is the Con- 
line of green and blue. And hence I feem to 
colled that the thickneifes of the Air between 
the GlaiTcs there, where the Ring is fuccelTive-. 

ly 
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ly made by the limits of the five principal Go- 
lours (red, yellow, green, blue, violet) in or- 
der (that is, by the extreme red, by the limit 
of red and yellow in the middle of the orange, 
by the limit of yellow and green, by the limit 
of green and blue, by the limit of blue and 
violet in the middle of the indigo, and by the 
extreme violet ) are to one another very nearly 
as the fixth lengths of a Chord which found the 
Notes in a fixth Major, fol^ la, mi, fa, Jhl, la. 
But it agrees fomething better with the Obferva- 
tion to fay, that the thickneffes of the Air be- 
tween the Glafles there, where the, Rings are 
fuccefiively made by the. limits of the feven Co- 
lours, red, orange, yellow, green, blue, indi- 
go, violet in order, are to one another as the 
Cube Roots of the Squares of the eight lengths 
of a Chord, which found the Notes in an eighth, 
fol, la, fa, Jbl, la, 7m, fa, fol -, that is, as the 
Cube Roots of the Squares of the Numbers, i, 

9> 55 4> 5i 5> ^^> 3* *» 

OSf 15.: Thefe Rings were not of various 
Colours like thofe made in the open Air, but 
appeared all over of that prifmatiek Colour on- 
ly with which they were illuminated. And by 
projeding the prifmatiek Colours immediately 
upon the Glaffes, I found that the Light which 
fell on the dark Spaces which were betweeiii 
the colour'd Rings was tranfmitted through the' 
Glades without any variation of Colour. For 
on a while Paper placed behind, it would paint 
Rings of the fame Colour with thofe which 
were reflected, and of the bignefs of their im- 
mediate Spaces. And from thence the origirn 

. I of 
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of thefe Rings is manifeft; namely, that tlie Ak 
between the Glaffes, aocording to its varioifta 
thicknefs, is difpofed in fome places to relied:, 
and in others to tranfmit the Light of any one 
Colour ( as you may fee reprefented in the' 
fourth Figure) and in the fame place to refle^l 
that of one Colour where it tranfmits that oi 
another, 

Obf. i6. The Squares of the Diameters of 
thefe Rings made by any prifmatick Colour were 
in arithmetical Progreflion, as in the fifth Ob- 
fervation. And the Diameter of the iixth Cir- 
cle, when made by the citrine yelow, andi 

viewed almofl: perpendicularly , was about -^ 

parts of an Inch, or a little lefs, agreeable to the 
iixth Obfervation, 

The precedent Obfervations were made wfth 
a rarer thin Medium, terminated by a denfer, 
fuch as was Air or Water comprefs'd between 
two Glaffes. In thofe that follow arg fet down 
the Appearances of a denfer Medium thin'd 
within a rarer, fuch* as are Plates of Mufeovy 
Glafs, Bubbles of Water, and fome other thin 
Subftances terminated on all fides with Air. 

Obf, jj. If a Bubble be. Mown with Water 
iirft made tenacious by diffolving a litcfe Soap 
in it, 'tis a common Obfervation, that after a 
while it will appear tinged with a great variety of 
Colours. To defend thefe Bubbles from' being 
agitated by theexternal^Air (whereby their Co- 
lours are irregularly moved one among ano- 
ther, fo that no accurate Obfervation can be 
made of them,) as foon as I had blown any of 

them 
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them I cover'd it with a clear Glafs, and by, that 
means its Colours emerged in a very regular 
order, like fo rnany concentrick Rings encom- 
paffing the top of the Bubble. And as the Bub- 
•ble grew thinner by the continual fubfiding of 
the Water, thefe Rings dilated flowly and over- 
ipread the whole Bubble, defcending in order to 
the bottom of it, where they vanilh'd fuc- 
ceffively. In the mean while, after all the Co- 
lours were emerged at* the top, there grew in the- 
center of the Rings a fmall round black Spot, 
like that in the firft Obfervation, which con- 
tinually dilated it felf till it became fometimes 
more than I or ^ of -an Inch in breadth before 
the Bubble broke. At firft I thought there had 
been no Light refleded from .the Water in that 
place, but obferving it more curioufly, * I faw 
within it feveral fmaller round Spots, which 
appeared much blacker and darker than the 
reft, whereby I knew that there was forae Re- 
flexion at the other places which were not fo 
'dark as thofe Spots. And by farther Tryal I 
found that I could fee the Images, of fome 
things (as of a Candle or the Sun) very faintly 
refle&ed, not only from the great black Spot, 
but alfo from the little darker Spots wliich were 
within it. • 

Befides the aforefaid colour'd Rings there 
would often appear fmall Spots of Colours, af- 
cending and defgending up and down the fides 
of the Bubble, by reafon of fome Inequalities in 
the fubfiding of the Water. And fometimes 
fmall black Spots generated at the fides would 
3 afcend 
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afcend up to the larger black Spot at tile to^ of 
the Bubble, and unite with it, 

03/J 1 8. Becaufe the Colours of tKefe Bubbles 
were more extended and lively than thoie of the 
Air thinn'd between two GlafTes, and £o morQ 
eafy to be diftinguilh'd, I fhall here give you a 
farther defcription of their order, as they were 
obferv'd in viewing them by Reflexion of the 
Skies when of a white Colour, whilft a black 
fubAance was placed behind the Bubble. And 
they were thefe, red, blue j red, bluej red, 
blucj red, greeny red, yellow, green, blue, 
purple 5 red, yellow, green, blue, violet j redg 
yellow, white^ blue, black. 

The three firil Succeffions of red and blue 
were very dilute and dirty, efpecially the Erft, 
where the red feem'd in a manner to be white. 
Among thefe there was fcarce any other Colour 
fenfible befides red and blue, only the blues (a^d 
principally the fecond blue) inclined a little to 



green. 



The fourth red was alfo dilute and dirty, but 
•not fo much as the former three; after that fuc- 
ceeded little or no yellow , but a copious 
green, which at firft inclined a little to yellow, 
and then became a pretty brisk and good wil- 
low green, and afterwards changed to a bluifli 
Colour j but there fucceeded neither blue nor 
violet. . ' 

The fifth red at firil: inclined very much to 
purple, and afterwards became more bright 
and brisk, but yet not very pure. This was 
fucceeded with a very bright aaid intenfe yel- 
" ioWj which was but lii;tle in quantity, and foon 

chang'd 
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chaiig'd to green: But that green was cfopious 
and Ibmething more pure, deep and lively, than 
the former green. After that follow'd an ex- 
cellent blue of a bright Sky-colour, and then a 
purple, which was lefs in quantity than the blue, 
and much inclined to red. 

The fixtli red was at firft of a very fair and 
lively fcarlet, and foon after of a brighter Co- 
lour, being very pure and brisk, and the befl: 
of all the reds. Then after a lively orange •fol- 
low'd an intenfe bright . and copious yellow , 
which was alfo the beft of all the yellows, and 
this changed firft to a greenifh yellow, and then 
to a green iih blue.; but the greea between the 
yellow and the blue, was very little and dilute, 
feeming rather a greenifh white than a green. 
The blue which fucceeded became very good, 
and of a very fair bright Sky-colour, but yet 
fomething inferior to the former blue; and the 
violet was intenfe and deep with little or no 
rednefs in it. And lefs in quantity than the 
blue. 

In the lafl red appeared a tindure of fcarlef 
next to violet, which foon changed to a bright- 
er Colour, inclining to an orange ; and the yel- 
low which follow'd was at firil pretty good 
and lively, but afterwards it grew more dilute, 
until by degrees it ended in perfed: whitenefs. 
And this whitenefs, if the Water was very te- 
nacious and well-temper'd, would llowly fpread 
and dilate it felf over the greater part of the 
Bubble; continually growing paler at the top, 
where at length it would crack in many places, 
and thofe cracks, as they dilated, would appear' 

of 
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of a pretty good, but .yet obfcure and dark 
Sky-colour 5 the white between the blue Spots 
diminifhing, until it refembled the Threds of 
an irregular Net- work, and foon after vanifh'd, 
and left all the upper part of the Bubble of the 
faid dark blue Colour. And this Colour, after 
the aforefaid manner, dilated it felf downwards, ■ 
until fometimes it hath overfpread the whole 
Bubble. In the mean while; at the top, which 
was of a darker blue than the bottom, and ap- 
pear'd alfo full of many round blue Spots, fome- 
thing darker than the reft, there would emerge 
one or more very black Spots, and within thoJe, 
other Spots of an intenfer blackne'fs, which I 
mention'd.in the former Obfervation ; and thefe 
continually dilated themfelves until the Bubble 
broke. 

If the Water was not very tenacious, the bkck 
Spots would break forth in the white, w^itheut 
any fenfible intervention of the blue. And fome- 
times they would break forth within the prece- 
dent yellow, or red, or perhaps within the blue 
of the fecond order, before the intermediate Co- 
lours had time to difplay themfelves. 

By this defcription you may perceive how great 
an affinity thefe Colours have with thofe of Air 
defcribed in the fourth Obfervation, although 
fet down in' a contrary order , by reafon that 
they begin to appear when the Bubble is thick- 
eft, and are moft conveniently reckon'd from 
the loweft and thickeft part of the Bubble up- 
wards. * 

Obf. 19. Viewing in feveral oblique Pofitions 
of my Eye the Rings of Colours emerging on 

the 
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the top of the Bubble, I found that they wete 
fenfibly dilated' by increafmg the obliquity, but 
yet not fo much by far as thofe made by thinn'd 
Air in the feventh Obfervation. For there they 
were dilated fo much as, when view'd moil ob- . 
liquely, to arrive at a part of the Plate more than 
twelve times thicker than that where they ap~ 
pear'd when viewed perpendicularly ; whereas in 
this cafe the thicknefs* of the Water, at which 
they arrived when viewed moft obliquely, was to 
that thicknefs which exhibited them by per- 
pendicular Rays, fomething lefs than as 8 to 5. 
By the befl of my Obfervations it was between 
15 and 15; to 10 J an increafe about 24 times lefs 
than in the other cafe. 

Sometimes the Bubble would become of an 
uniform thicknefs all over, except at the top of 
it near the black Spot, as I knew, becaufe it 
would exhibit the fame appearance of Colours 
in all Pofitions of the Eye. And then _the Co- 
lours which were feen at its apparent circumfe- 
rence by the obliqueft Rays, would be different 
from thofe that were feen in other places, by 
Rays lefs oblique to it. And divers Spectators 
might fee the fame part of it of differing Co- 
lours, by viewing it at very ^differing Obliqui- 
ties. Now obferving how much the Colours at 
the fame places of the Bubble, or at divers pla- 
ces of equal thicknefs, were varied by the fe- 
veral Obliquities of the Rays; by the affiflance 
of the 4th, 14th, 1 6th and 1 8th Obfervations, 
as they are hereafter explain'd, 1 colled the 
thicknefs of the Water requifite to exhibit any 
one and the fame Colour, at feveral Obliquities, . 

to 
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to be very nearly in the Proportion expteffed in 
this Table. 



I Incidence on 
the Water, 


Refra^ion into 
the Water. ■ . 


Thivknefs of 
the Water. 


Deg. Min. 


Deg. Min. 
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In the two iirft Columns are exprefs'd the 
Obliquities of the Rays to the Superficies of the 
Water, that is, their Angles of Incidence and 
Refradion. Where I fuppofe, that the Sines 
which meafure them are in round Numbers, as 
3 to 4, though probably the Dillbiution of Soap 
in the Water, may a little alter its refradive 
Virtue. In the third Column, the Thicknefs of 
the Bubble, at which any one Colour is exhibit- 
ed in thofe feveral Obliquities, is exprefs'd in 
Parts, of which ten conftitute its Thicknefs When 
the Rays are perpendicular. And the Rule 
found by the feventh Obfervation agrees well 
with thefe Meafuresy if duly apply'd j namely, 
that the Thicknefs of a Plate of Water requifite 
to exhibit one and the fame. Colour at feveral 
.Obliquities of the Eye, is proportional to the 
Secant of an Angle, whofe Sine is the firft of an 
hundred and fix arithmetical mean Proportio- 

O nals 
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nals between the Sines of Incidence and Refradioft , 
counted from the leffer Sine, that is^ from the 
Sine of Refradion when the Refradion is made 
out of Air into Water, otherwife from the Sine 
of Incidence. 

I have fometimes obferv'd, that the Colours 
which arife on poHlli'd Steel by heating it, or on 
Bell-metal, and fome other metalline Sub- 
ftances, when melted and pour'd on the Ground,^ 
where they may cool in the open Air, have, like 
the i Colours of Water-bubbks, been a little 
changed by viewing them at divers Obliquities, 
and particularly that a deep blue, or violet, 
when view'd very obliquely, hath been changed 
to a deep red. But the Changes of thefe Co- 
lours are not fo great and fenfible as of thofe 
made by Water. For the Scoria, or vitrified Part 
of the Metal, which moil Metals when heated or 
melted do continually protrude, and fend out 
to their Surface, and which by covering the 
Metals in form of a thin glaify Skin, caufes 
thefe Colours, is much denfer than Watery and 
I find that the Change made by the Obliquation 
of the Eye is leaft in Colours of* the denfeft thin 
Subilances. 

Obf. 20. As in the ninth Obfervation, fo here, 
the Bubble, by tranfmitted Light, appear'd of a 
contrary Colour to that which it exhibited by 
Reflexion. Thus when the Bubble being look'd 
on by the Light of the Clouds refleded from 
it, feemed red at its apparent Circumference, 
if the Clouds at the fame time, or immediately 
after, were view'd through it, the Colour at its 
Circumference would be. blue. A«d, on tl.e 

contrary, 
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feontrary, when by refleAed Light it appeared 
blue, it would appear red by tranfmitted Light. 

Obf. 2 1." By wetting very thin Plates of Mufi 
covy Glafs, whofe thinnefs made the like Co- 
lours appear, the Colours became more faint and 
languid i efpecially by wetting the Plates on 
that fide oppofite td the Eye: But I could not 
perceive any variation of their Species, So then 
the thicknefs of a Plate requifite to produce 
any Colour, depends only on the denfity of the 
JPlate, and not on that of the ambient Mediumi 
And hence, by the loth and t6th Obfervationsj 
may be known the thicknefs which Bubbles of 
Water, or Plates of Mufcovy Glafs,' or other 
Subftances, have at any Colour produced by 
them. 

Obf. 22. A thin tranfparent Bodyj wJiicli is 
denfer than its ambient Medium, exhibits more 
brisk and vivid Colours than that which is fo 
much rarer; as I have particularly obferved in 
the Air and Glafs. For blowing Glafs very thin 
at a Lamp Furnace, thofe Plates encbmpalfed 
with Air did exhibit Colours much more vivid 
than thofe of Air made thin between two Glaf- 
fes. 

Obf. 2^. Comparing the qua^itity bf Light 
refleded from the feveral RingSj I found that 
it was moft copious from the firfl or inmoft^ 
and in the exterior Rings became gradually lefs 
and lefs. Alfo the whitenefs of the firft Ring 
was ftronger than that reile(a:ed from thofe 
parts of the thin Medium or Plate which were 
without the Rings j as I could manifeftly per- 
ceive by viewing at a diftance the Rings made 

O a by 
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bj the two Objed-glaffes } or by comparing twd 
Bubbles of Water blown at diflant Times, in the 
iirfl: of which the Whitenefs appear'd, which fuc- 
ceeded all the Colours, and in the other, the 
Whitenefs which preceded them all. 

Obf. 24. When the two Objed-glafles were 
lay'd upon one another, fo as to make the Rings 
of the Colours appear, though with my naked Eye 
I could not difcern above eight or nine of thofe 
Rings, yet by viewing them through a Prifm I 
have ittvi a far greater Multitude, infomuch that 
I could number more than forty, belides many 
others, that were fo very fmall and clofe together, 
that I could not keep my Eye fteady on them fe- 
verally fo as to number them, but by their 
Extent I have fometimes eftimated them to be 
more than an hundred. And I believe the Expe- 
riment may be improved to the Difcovery of far 
greater Numbers. For they feem to be really un- 
limited, though" vilible only fo far as they can be 
feparate4 by the Refraction of the Prifm, as I £hall 
hereafter explain. 

But it was but one iide of thefe Rings, namely, 
that towards which the Rcfrad:ion was made, 
which by that Refraction was rendered diftindi, 
and the other fide became more confufed than 
when view'd by the naked Eye, infonjAuch that 
there I could not difcern above one ' or two, 
and fometimes none of thofe Rings, of which 
I could difcern eight or nine with my naked 
Eye. And their Segments or Arcs, which 011 
the other fide appear'd fo numerous, for tfe 
moft part exceeded not the third Part of a Cir- 
cle, If the Rcfradion -was very great, or the 

Prifoi 
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Prifm very diftant from the Objedt-glaffes, the 
middle Part of thofe Arcs became alfo confu- 
fed, fo as to difappear and conftitu^ an even 
Whitenefsy whilft on either fide their Ends, as 
alfo the whole Arcs fartheft from th^ Center, 
became diftind:er than before, appearing in the 
. Form as you fee' them defign'd in the fifth Fi- 
gure. 

The Arcs, where they feem'd diflin6:eft, were 
only white and black fucceffively, • without any 
other Colours intermix'd. But in other Places 
there appeared Colours, whofe Order was inverted - 
by the Refraction in fuch manner, that if I firft 
• held the Prifm very near the Objed-glafTes, and 
then gradually removed it farther off towards my 
Eye, the Colours of the 2d, 3d, 4th, and fol- 
lowing Rings {hrunk towards the white that 
emerged between them, until they wholly va- 
nifh'd inio it at the middle of the Arcs, and 
afterwards emerged again in a contrary Order. 
But at the Ends of the Arcs they retain'd their 
Order unchanged. 

I have fometimes fo lay'd one Objed-glafs 
upon the other, that to the naked Eye they 
have all over feem'd uniformly white, without 
the lead Appearance of |ny of the colour'd 
Rings i and ygt by viewing them through a 
Prifm, great Multitudes of thofe Rings have 
difcover'd themfelves. And in like manner 
Plates of Mufcovy Glafs, and Bubbles of Glafs 
blown at a Lamp-Furnace, which were not fo 
thin as- to exhibit any Colours to the naked Eye, 
have through the Prifiii exhibited a great Va- 
riety of them ranged irregularly up and down in 

O 3 the 
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the Form of Waves. And fo Bubbles of Water, 
before they began to exhibit their Colours to the 
paked Eye of aBy-ftander, have appeared through 
^ Prifm, girded about with many parallel and 
horizontal Rings j . to produce v^^hifch EiFed:, it 
v^^as neceflary to hold the Prifm parallel, or 
very nearly parallel to the Horizon, and to- 
difpofe it fo that the Rays might be refraded 
upwards. 
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PART 11. 



Remarks upon the foregoing Obfervations, 

A V I N G given my •Obfervations 
of thefe Golbiirs, before I make 
ufe*of them to unfold theCaufes 
of the Colours of natural Bodies, 
it is convenient that by the fim- 
pleft of them,ftich asare the 2d, 3d, 
^th, 9thj 1 2th, 1 8th, 20th, and 24th, I firft ex- 

O 4 plaiit 
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pkln the more compounded. And firft to £bew 
how the Colours in the fourth and eighteentl^ 
Obfervations are produced, let there be taken in 
any Right Line from the Point y, [inF%.6.] the 
Lengths YA, YB, YC, YD, YE, Yf, YG, YH, 
in proportion to one another, as the Cube-Roots 
of the Squares of the Numbers, 5, 1's, 51 1, |, h % ij 
whereby the Lengths of aMufical Chord to found 
all the Notes in an eighth are reprefented ; that 
is, in the Proportion of the Numbers 6300, 68 14, 
7 1 14, 7631, 8255* 8855, 9243> loooo. And* 
at the Points A, B, C, D, E, F, G, H, let Perpen- 
diculars A a, B /3, &c. be ereded, by whofe In- 
tervals the Extent of the feveral Colours fet, under- 
neath againf}: them, is to be reprefented. ' Then, 
divide the Line A a in fuch Proportion as the 
Numbers i, 2, 3/5, 6, 7, 9, 10, 11, G?<:. kt at 
the Points of Divifion denote. And through 
thofe Divifions from Y draw Lines i I, 2 K, 3L, 
5M, 6N, jO, &c. 

Now, if A 2 be fuppofed to reprefent the 
Thicknefs of any thin tranfparent Body, at which 
the outmoft Violet is moft copioufly refle(5led 
in the firlt Ring, or Series of Colojirs, then by 
the 13 th Obfervation, HK will reprefent its 
Thicknefs, at which the utmoft Red is moft co- 
pioufly reflected in the fame Series. Alfo by 
the 5th and i6th Obfervations, A 6 and HN 
will denote the Thickneffes a^ which thofe* ex- 
treme Colours are moil copioufly reflected in 
the^econd Series, and A 10 and HQ^he Thick- 
neiTes at which they are moft copioufly refled:- 
ed in the third Series, and fo on. And the 
Thicknefs at whigh any of the intermediate Co- 
} ' lours 
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iours are refleded moft copioully, will, accor- 
ding to the 14th Obfervation, be defined by the 
diftance of the Line AH from the: intermediate 
parts of the Lines 2 K, -6N, 10 Q, &c; againft" 
which the Names of thofe Colours are written 
below. 

But farther,. to define the Latitude of thefe 
Colours in each Ring or Series, let A i defign 
the leaft thicknefs, and A 3 the greateft thick- 
nefs, at which the extreme violet in the firft 
Series is refleaed, and let HI, and HL, de- 
fign the like limits for the extreme red, and let 
the intermediate Colours be limited by the in- 
termediate parts of the Lines il, and 3L, a- 
gainft which the Names of thofe Colours are 
written, and fo on : But yet with this caution, 
that the Reflexions be fuppofed flrongeft at the 
intermediate Spaces^ 2K, 6N, loQ^C^. and 
from thence to decreafe gradually towards thefe 
limits, il, 3L, 5M, yO^&c. on either fide; 
where you mufii not conceive them to be prc- 
cifely limited, but to decay indefinitely. And 
whereas 1 have affign'd the fime Latitude to e- 
very Series, I did it, becaufe although the Co- 
lours in the firft Series feem to be a little broad- 
er than the refi:, by reafon of a ftronger Re- 
flexion there, yet that inequality is fo infenfi- 
ble as fcarcely to be determin d by Obferva-r 
tion. 

Now according to this Defcription, concei- 
ving that the Rays originally of feveral Colours 
are by turns refleded at the Spaces il L3, 5M 
O7, 9PR11, &c. and tranfmitted at the Spaces 
AHIi, 3LMq, 7OP9, &c. it is eafy to know 

what 
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what Colour miifl in the open Air be exhi- 
bited at any thicknefs of a tranfparent thin Bo- 
dy. For if a Ruler be applied parallel to AH, 
at that diftance from it by which . the thicknefs 
of the Body is reprefented, the alternate Spaces 
il L3, 5M 07,- &c. which it crofleth will de- 
note the refleded original Colours, of which 
the Colour exhibited in the open Air is com- 
pounded. Thus if the conftitution of the green 
in the third Series of Colours be defired, apply 
the Ruler as you fee at -Tr p a (p, and by its palling 
through fome of the blue at tt and yellow at a, 
as well as through the green at ^, you may con- 
clude that the green exhibited at that thicknefs of 
the Body is principally conflituted of original 
green, but not without a mixture of fome blue 
and yellow. 

By this means you may,know how the Co^ 
lours from the center of the Rings outward 
ought to fucceed in order as they were defcri- 
bed in the 4th and i8th Obfervations. For if 
you move the Ruler gradually from AH through 
all diftances, having pafs'd over the firfl Space 
which denotes little or no Reflexion to be made 
by thinneft Subftances, it will firft arrive at i the 
violet, and then very quickly at the blue and 
green', which together with that violet com- 
pound blue, and then at the yellow and red, by 
whofe farther addition that blue is converted 
into whitenefs, which whitenefs continues du- 
ring the tranfit of tjie edge of the Ruler fi-om 
I to 3, and after that by the fucceffive defici- 
eiice of its component Colours, turns firft to 
compound yellow, and then to red, and iaft of 
S . ■ all 
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all the red ceafeth at LI Then begin, the Co- 
lours of the fecond Series, which iucceed in 
order during the tranfit of the edge of the 
Ruler from 5 to O, and are more lively than 
before , becaufe more expanded and fevered. 
And for the fame reafon, mftead of the former 
white there , intercedes between the blue and 
yellow a mixture of orange, yellow, green, 
blue and . indigo, all which together ought to 
exhibit a dilute and imperfed: green. So the 
Colours of the third Series ■ all fucceed in or- 
der ; firft, the violet, which a little interferes 
with the red of the fecond order, .and is there- 
by inclined to a reddilh purple 3 then the blue' 
,^and green, which are lefs mix'd with other 
Colours, and confequentiy more lively than be-s 
fore, efpecially the green: Then follows the 
yellov^,' fome of which towards the green is di- 
ftind; and good, but that part of it towards the 
fucceeding red, as alfo that red is mix'd with 
the violet and blue of the fourth Series, where- 
by various degree^ of red very*much inclining 
to purple are compounded. This violet and 
blue, which ihpuld Succeed this red, . being minc- 
ed with , and hidden in it , there fucceeds a 
green. And this at firft is much inclined to 
blue, but foon becomes a good green, the on- 
ly unmix'd and lively Colour in this fourth Se- 
ries. For as it verges towards the yellow, it 
begins to interfere with the Colours of the fifth 
Series , by whofe mixture the fucceeding yel- 
low and red are very much diluted and made 
dirty, efpecially the yellow, which being the 
weaker Colour is fcarce able to ihew it felf. 

'After 
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After this the feveral Series interfere more and 
more, and their Colours become more and more 
intermix'd, till after three or four more revo- 
lutions (in which the red and blue predominate 
by turns) all forts of Colours are in all places 
pretty equally blended, and compound an even 
whitenefs. 

And fince by the 15th Obfervation the Rays 
endued with one Colour are tranfmitted, where 
thofe of another Colour are refleded, the reafon 
of the Colours madfe by the tranfmitted Light in 
the 9th and 20 th Obfervations is from hence 
evident. 

If not only the Order and Species of thefe 
Colours, but alfo the precife thicknefs of the 
Plate, or thin Body at which they are exhibited, 
be defired in parts of an Inch, that maybe alfo 
obtained by alliftance of the 6th or i6th Obfer- 
vations. For according to thofe Obfervations 
the thicknefs of the thinned Air, which be- 
tween two Glaffes exhibited the moft luminous 

parts of the fifft fix Rings were -^-^^ ^^ 

,7^, TTak, ^o, T^IIto P^^^s °^ ^^ I"^^' 
Suppofe the Light refleded moft copioufly at 
thefe thickneffes be the bright citrine yellow, 
or confine of yellow and orange, and thefe thick- 
neffes will be Fa, Fju., Fv, F|, Fo, Fl And 
this being known,- it is eafy to determine what 
thicknefs of Air is reprefented by G<p, . or by any 
other diflance of the Pvuler from AH. 

But farther, fince by the loth Obfervation the 
thicknefs of Air was to the thicknefs of Water, 

which 
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which between the fame Glafles exhibited the 
fame Colour, as 4 to 3, and by the 21ft Obfer- 
vation the Colours of thin Bodies are not. varied 
by varying the ambient. Medium -, the thick- 
nffsof a Bubble of Water, exhibiting any Co- 
lour, will be I of the tliicknefs of Air produ- 
cing the fame Colour. And fo according to 
the fame loth and 21ft Obfervat ions, the thick- 
nefs of a Plate pf Glafs, whofe Refradion of 
the mean refrangible Ray, is meafured by the 
proportioh of the Sines 31 to 20, may be li of 
the thicknefs of Air producing the fame Co- 
lours ^ and the like of other Mediums. I do 
not affirm, that this proportion of 20 to 31, 
holds in all the Rays; for the Sines of other 
forts of Rays have other Proportions. But the 
differences of thofe Proportions are fo little 
that I do not here corilider them. On thefe 
Grounds I have compofed the following Table, 
wherein the thicknefs of Air, Water, and Glafs, 
at which each Colour is moil intenfe and fpeci- 
fick, is exprelled in parts of an Inch divided in- 
to ten hundred thoufand equal p^rts. 
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*The thkknefi of coloured Plates and Particles of 



Their Colours of the 
firft Order> 



"■Very black 
Black 

Beginning of 
Black 
<^Blue 

I White 
Yellow 
Orange 
•.Red 



\ 



f Violet 
Indigo 
J Blue 
Of the fecond Order, /Green 
A Yellow 
y Orange 
f Bright red 
V. Scarlet 

•Purple 
Indigo 

Of the third Order,^ Green 
Yellow 
Red . 
Bluifli red 

C Bluifh green 

Of the fourth Order,<5^T" -r^ 

} Yellowiih green 

<-Red 
Ofthe fifth Order, {Gre^enifh blue 

Ofthefixth Order, {gf"^^^^«° 

Of the feventh Or- fGreenifh blue 
4er, ' i.Ruddy white 
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Water. Glafi,] 
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29 
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24 
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25r 
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354 
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zxl 


36 


27 
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34t ( 29J 
39|- 1 34 


58i • 


44 / 38 

48f 1 42 


65 


71 1 


537 


45t- 


77 1 


57i 


49f 



Now 
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Now if this Table be compared with the 6th 
Seheme, you will there fee the conftitution of 
each Colour, as to its Ingredients, or the ori- 
ginal Colours of which* it is compounded, and 
thence be enabled to judge of its Intenfenefs or 
Imperfedion j which may fuffice in explication 
of the 4th and i8th Obfervations, unlefs it be 
farther defired to delineate the manner how 
the Colours appear, when the two Objedt-glaf- 
fes are laid upon one another. To do which, 
let there be defcribed a large Arc of a Circle, 
and aftreight Line which may touch that Arc, 
and parallel to that Tangent feveral occult 
Lines, at fuch dlftances from it, as the Num- 
bers fet againil the feveral Colours in the Ta- 
ble denote. For the Arc, and it^ Tangent, will 
reprefent the Superficies of the Glafles termi- 
nating the interjacent Airj and the places where 
ihe occult Lines cut the Arc will fhow at what 
diftances from the center, or Point of contad:, 
each Colour is reflected. 

There are alfo other Ufes of this Table : For 
by its aiTiftance the thicknefs of the Bubble in 
the 19th Obfervation was determin'd by the Co- 
lours which it exhibited. And fo the bignefs of 
the parts of natural Bodies may be conje- 
Oured by their Colours, as fhall be hereafter 
fliewn. Alfo, if two "or more very thin Plates 
be laid one upon another, fo as to compofe one 
Plate equalling them all in thicknefs, the refult- 
ing Colour may be hereby determin'd. For in- 
ilance, Mr. Hook obferved, as is mentioned in 
bis Micrographia, that a faint yellow Plate of 
Mujtovy Glafs laid upon a blue one, conftituted 

a very 
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a very deep purple. . The yellow of the firft Or- 
der is a faint one, and thethicknefs of the Plate 
exhibiting it, according^ to the Table is 41, to 
which add 9, the thiclcnefs exhibiting blue of 
the fecond Order, and the Sum will be 131^ 
which is the thicknefs exhibiting the purple of 
the third Order. 

To explain, in the next place, the circum- 
ftances of the 2d and 3d Obfervations ) that is, 
how the Rings of the Colours may ( by turning 
the Prifm§ abovit their common Axis the con- ♦ 
trary way to that exprelTed in thofe Obferva^ 
tions) be converted into white and black Rings, 
and afterwards into Rings of Colours again, the 
Colours of each Ring lying now in an inverted, 
order; it mufl be remembered, that thofe Rings 
of Colours are dilated by the obliquation of the 
Rays to the Air which intercedes the Glaffes, 
and that according to the Table in the 7th Ob- 
fervation, their Dilatation or Increafe of their 
Diameter is moll manifeft and fpeedy when 
they are obliqueft. Now ^^ the Rays of yellow 
being more refrafted by the firft Superficies of 
the faid Air than thofe of red, are thereby, 
made more oblique to the fecond Superficies, 
at which they are reflected to produce the co- 
lour'd Rings, and confequently the yellow Cir- 
cle in each Ring will be more dilated than the 
red J and the Excefs of its Dilatation will be fo 
much the greater, by how much the greater is 
the obliquity of the Rays, until at laft it be- 
come of equal extent with the red of the fame 
Ring. And for the fame reafon the green, blue 
and violet, will be alfo fo much dilated by the 

ftill 
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ft ill greater, obliquity of their Rays, as to be- 
come all very nearly 'of equal excent v^dth the 
fed, that is, equally dillant from the 'center of 
the kings. And then all the Colours of the 
fame Ring muft be- coincident, and by their 
mixture exhibit a white Ring. And thefe white 
Rings mufl have black and dark Rings between 
them, becaufe they do not fpread and imcrferc 
with one another, as before. And for that rca-' 
fon alfo they mufl become di'ftindler, and viable 
to far greater numbers. But yet the violet be- 
ing obliqueft will be fomething more dilated,, 
in proportion to its extent, than the 'other Co- 
lours, and fo very apt to appear at the exterior 
^ Verges of the white. 

* Afterwards, by a greater" obliquity of the 
Rays, the violet and blue become mofe fenfibly 
dilated *than the red and ' yellow, and fo being 
farther removed from the center of the- Rings, 
the Colours mufl emerge out of the white in an 
order contrary to that which they had before; 
the violet and blue at the exterior Limbs of 
each Ring, and the red and yellow at. the in- 
terior. And the violet, by reafon of the great- 
efl obliquity of its Rays, being in proportion 
mofl of all expanded, will fooneft appear at 
• the exterior Limb of each white Ring, and be- 
come more confpicuous than the rell. And the 
feveral Series of Colours belonging to the feve- 
ral Rings, will, by their unfolding and fpread- 
ing, begin again to interfere, and thereby ren- 
der the Rings lefs diflindf, and not vifible to fo 
great numbers. 

P If 
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If inftead of the Prifms the Objed-gkflis be" 
made ufe of, the Rings .which they exhibit be- 
come 4iot white and diftindl by- the obliquity of 
the Eye, by reafon that the Rays in their paffage 
thrdiigh that Air which ilitercedes the Glafles 
are very nearly parallel to thofe Lines in which 
thev were firft incident on the Gla^s, and con- 
fequently the Rays e|idued with feveral Colours 
are not inclined one, more than .anothea: to that 
Air, as it happens in the Prifms.. . •■' 

There is yet another circuraftance of thefe ^ 
•Experiments to be confider'd, and that is why 
the black, and white Rings which when view^'d 
at a diftance appear diilin<ft, fliould not only be- 
come confufed by viewing them near at hand, , , 
but alfo yield a violet Colour, at both the edges*, 
of evei;y Vliite Ring. . And the reafoA is, . that 
the Rays which enter the Eye at feveral parts 
of the Puoil, have ieveral Obliquities to the Glaf- 
fes, and thofe which are moft oblique, if conlj- 
der'd apart, would reprefent the Rings bigger 
than thofe Which are the leaft oblique. Whence 
the breadth of the Perimeter of every w^hite 
Ring is . expanded outwards by the obliqueft 
Rays, and inwards by the leaft oblique. ' And 
this Expanfibn is fo much the. greater by how 
much the greater is the difference of the Obli- '' 
quity ; tliat is, by how much the Pupil is wider, 
or the Eye nearer to the Glafles. And the 
breadth of the violet mufl be mofl expanded, 
becaufe the. Rays apt to excite a Senfation of 
that Colour are moil oblique to- a fecond 6f 
farther Superficies of the thinn'd Air .at which 
they are relied;ed, and have alfo the greateft • 
... varia- 
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vanation of Obliquity, which makes that Co- 
lour fooneft emerge out of the edges of the 

• white. ^ And • as the breadth of ever]/ Ring is 
thus augmented, the dark Intervals ii>uft be di- 
minifh'd, until the neighbouring Rings become 
continuous/^ and are blended, the exterior firft, 

'and then thofe nearer the center 5 fo that they 
. can no longer be diftinguiih'd apart, but feem to 
conftitute an even and uniform whiteriefs. 

Among all the Obfervations there is none ac- 

* companied with fo odd circumftances •as the 
twenty-fourth. Of thofe the principal are, that 
■in thin Plates, which to the naked Eye fegn of 

an even and uniform tranfparent whitenefs, 
without any terminations of Shadows, the Re- 
fradion" of a Prifm fhould make Rings of Co- 
lours appear, whereas it ufually makes Objeds 
appear coloured only^ there where they.are ter- 
minated .with Shadows, or have parts unequal- 
ly luminous j and that it fliould^. make thofe 
Rings exceedingly •diftindl; and white, although 
it ufually renders Objeds confufed and colour- 
ed. The Caufe cf thefe' things you v/ill under- 
Hand by cQnfidering, that all the Rings of Co- 
lours are really in the Plate, when' view'd with 
^•the.nakedEye, although by reafon of the great 
' breadth of 'their Circumferences they fo mtich 
interfere and are blended together, that they 
feeiii to conftitute an uniform whitenefs. ' But 
when the Rays, pafs throtigh the Prifm to the 
Eye, the Orbits of the feveral Colours in every 
Ring are refraded, fome more -than others, ac^ 
cording 'to. their degrees of Refrangibility : By 
which mean^ the Colours on' one fide of the 
" ■ ■ . ■ P -^ King 
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Ring (that is in the circumference on one fide'of 
its center, ). become more unfolded and dilated, 
and thofe on th'e other fide more complicated and • 
contrafted. ^ And where by a due Refradion they 
are fo much contraded, that the feveral Rings 
become narrower than to interfere with one ano- 
ther, they muil; appear diftindl, and alfo white, ' ' 
if the conftituent Colours be fo much contraded . 
as to be wholly coincident. But on the other 
fide, where the Orbit of every Ring is made 
broader by the farther unfolding of its Colours, ' 
it mu'il interfere more with other Rings than be- 
fore, and fo become lefs diftindt. 

To explain this a little farther, fuppole the 
concentrick Circles A V, and B X, [in Fig. 7.] 
reprefent the red and violet of any Order, 
which, together with the intermediate Colours, 
conftitute any one of *thefe Rings. ' Now 'thefe 
being view^'d through a Prifm, the violet Circle 
B X, will, , by a greater Refradidn, be farther 
tranilated froin its place than the red A V, and 
fo approach nearer to it on that lide of the Cir- 
cles, towards which the Refmcftions are made. 
For inflance ; if the red be tranilated to a ^', 
the violet may be tranilated to b x, fo as to ap- 
proach nearer to it at x than before j and if .the -^ 
red be farther tranilated to av, the* violet may 
be fo much farther tranilated to b x as to con- 
vene with it at X j and if the red be yet farther 
tranilated to a T, the violet may be ftill fo much 
farther tranilated to /S | as to pals beyond it at 
§, and convene with it at e an^y.' And this 
being underftood not only of the red and vio- 
let, but of all the other intermediate Colours, 

and 
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and alfo of every revolution of thofe .Colours, 
you will cafily perceive how thofe of the fame 
revolution or order, by their nearnefs at xv 

■and T g, and their coincidence at x v; e and J] 
ought to conftitute pretty diftind: Arcs of Cir- 
cles, elpecially at x v, or at e aiid /^ and .that 
• ^ they will appear feverally at x 1?, and at x v ex- 

' hibit whitenefs by their coincidence, and again 
appear' feveral at T|, but yet in a contrary or-. 
der*to that which they had before, and ft ill re- 

•tain beyond e and/. 'But on the other fide, 
at a/^, ab, ora/5, thefe Colours muft -become 
' 'much more confufed by being dilated and fpread 
fo as to interfere with !hofe of other Orders. 
And the. fame confufion will happen at T | be- 
tween e and /, if the Re^-adion be very great, 
or the Prifm very diftant from the Objtd-glaf- 
fcs: In .which cafe no 'parts of the Jlings will 
. be feen, fave only two little* Arcs at e and f, 
who'fe diftance from one another will be aug- 
ment^ed by removing the Prifm Hill farther from 
the Objed-glafles : And thefe little Arcs, muft 
be'diftindeft and whiteft at their middle, and 
at their ends, where they begin to grow con- 
fufed, theymufl.be colour'd. And the Colours 
at one end of every Arc muft be in a contrary 
order to thofe at the other end, by reafon that 

' they crofs in the intermediate white; namely, 
their ends, which verge towards T gi will be 

.red and yellow on' that fide next the tenter, 

and blue and violet on the other fide.. But 

• their other ends which verge from T g,- will on 

the contrary be blue and violet on that fide to- 

p ^ '■ wards 
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wards the center, and on the other fide red and 
yeilow. 

Now as all thefe things follow from the pro- 
perties of t.ight*by a mathematical way of rea- • , 
Ibniiig, fo the truth of them may be manifefle^ 
by Experiments." For in a dark Room, by .view- 
ing thefe Rings through a Prifm, .by reflexion 
of the, feveral prifmatick Coloufs, which an 
ailiftant caufes to move to and fro upon a' Wall 
or Paper from whence they are refleded, whilfk 
the Spedator's Eye, the Prifm, and tlie Objed:- ' 
glaiTes, '(♦as in the 13th Obfervation,) are placed 
Heady; the Pofitioi) ^of the Circles made fuc- 
ceffivcjy by the feveral* Colours, will be found 
facb, in refped of one another, as I have- de- 
fcribed in the Figures a i? x v, or a b x v, or 
a /S 5 T. And by the liime method the truth of 
the Explications of other Obfervaiions may be 
examined. 

Bv what hath been faid, the like Phenomena 
of Water and thin Plates of Glafs may be.un- 
dt rllood. But in fmall fragments of thof^ Plates 
there is tliis farther obfe'rvable, that where they 
lie rlat upon a- .Table, and are turned about their 
Centers Vviiilil they are , view'd through a Pfifm, 
they will in ibme poftures exhibit Waves- of va- 
rious Colours ; and fonie ■ of fhem exhibit thefe 
Waves in one or two Pofitions only, but the 
moft of Aern do in all Pofitions exhibit them, 
and make them for the moik part appear al- , 
mofc all- over the Plates. The reafon is, thax 
the Superficies of fuch Plates are not even, but 
have m.any Cavities and Swellings, which, how 
imllov/ foevetj .do a little vary the thicknefs of 

. the 
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the Plate. For at the feveral iides of thofe Ca- 
' vicies, for the Reafons newly ckfcribed, -there 
ought to be produeed"- Waves' in' feveral po- 
lliires'of the Prifiii. Now though k be .but 
iome very frnall and nai'rower parts of the Glafs, . 
by which thefe Waves for the moil part are.cau- 
fed; yet they . may feem to extend themfelves 
over the whole Glafs, becaufe from the narrow- 
eil of thofe parts there are Colours of feveral 
Orders, .that is, of feveral Rings, confuifedly re-- •■ 
fleded,* which by Refraaion of the Prilm are 
unfolded, feparated, and, according to " their 
degrees, of Refra,aion, difperfed to ieveral^ pla- 
ces, fo as to conllitute fo many feveral Waves, 
as there were divers orders of Colours prornifcu- 
oully refleded from that part of the Glals. 

Thefe are the principal PhcEnomena of thin 
Plates. or Bubbles, whofe Explications depend 
on the properties of Light, which I have here- 
tofore deliver'd. And thefe you fee do necef- 
Yariiy follow from them, and agree with them, 
even to their very leafl circumilancesj aud not 
only fo, but do very much tend to their -proof. 
Thus, by the 24th Obfervarion it appears, that 
the Rays of feveral Colours, made as well by thin 
Plates or Bubbles, as by Refradions of. a Prifm, 
have feveral degrees of Refrangibility ; where- 
by thofe of each order, which at the reflexion 
from the Plate or Bubble are intermix'd with 
thofe of other orders, are feparated from them 
by Refraaion, and allociated together fo as to 
become, vifible by themfelves like Arcs of Cir- 
cles. For if the Rays v/ere all alike refrangi- 
ble, 'tis impoifible that the whitenefs, which 

P 4 ' ■ to 
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to the naked Senfe appears uniform, fhould by . 
Refradion have its parts tranfpofed and ranged 
into thofe black and white Arcs. 

It appears alfo that the 'unequal* Refradions 
pf difrorm Rays proceed nof from any contin- 
gent irregularities J fuch as are Veins, aniineven 
Polifli, or fortuitous Pofition of the Pores" of 
Glais ; unequal and cafual Motions in the Air 
or Mxhev, the fpreading, breaking, or dividing 
the fame.Ray into many diverging parts j or the 
like. ' For, admitting any fuch irregularities,' 
it would be impoffible for Refradlions • to render. 
thofe Rings fo very diftincii;, and well defined,. 
as rlicy do in the 24th Obiervation. It is ne- 
cciniry tlierefore that eyery Ray have its proper 
mid ccnftant degree of Refrangibility connate 
witli it, according to which its refraction is ever 
juHily and regularly perfbrm'd^ and that leveral 
Rgvc^ have leveral of thole degrees. 

And what is faid of their Refrangibility may 
be alfo underilood of th^ir Reflexibility, that is,* 
of their Difpoiitions to be reflected, fome at a 
greater, and others at a lefs thicknefs of thin 
Plates or Bubbles j namely, that* thofe Difpofi- 
tions are alfo connate with the Rays, and im- 
jnutable j as may appear by the 13th, ,14th, and 
15th Obfervations, compared v/ith the fourth and 
eighteenih. . ' 

By the precedent Obfervations it appears al- 
io, that whitenefs is a diilimilar mixture of all 
Colours, and that Light is a .mi:^ture of Rays 
endued with all thofe Colours. For, confider- 
ing the multitude of the Rings of Colours in 
the 3d, i2th, and 24th ObfervationSj icismani-. 
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fefl', that although in the 4th and i8th Obfer- 
vations there appear no more than eight or 
nine of thofe Rings, yet there are feally a far 
greater number, which fo much interfere and 
mingle with one another, as after thofe eight 
or ni|ie revolutions to "dilute 5ne« another whol- 
ly, and conftitute an even* and feniibly uniibrm 

•whitenefs. And confequently that whitenefs 
muil: be allow'd' a mixture of all Colours, and 

■^ the Light which* conveys it to the Eye muft 
be a mixture of Rays endued with all thofe Co- 
lours. . * 

■ But farther 5 by the 24th Obfervation it ap- 
pears, tto there is a conftant relation between 
Colours and Refrangibility j the'moft refrangi- 

^ ble Rays being violet, the leaft refrangible red, 
a'nd .thofe of intermediate Colours having pro- 
portionably intermediate degrees of Refrangibi- 

• lity. And by the 13th, 14th, and 15th Obfer- 
vations, compared with the 4th or i8th, there 
appears to .be the fame conftant relation be- 
tween Colour and Reflexibility 5 the .violet be- 
ing in like circumftances. refleded at leaft thick- 
nelTes of any ^ thin Plate or Bubble, the red at 
greateft thickhelTes, and the intermediate Co- 
lours at intermediate thicknelTes. • Whence it 
follows, thatche colorifick Difpofitions of Rays 
are. alfo connate with them, and immutabie^ and 
by confequence, that all the- Produdions and . 
Appearances of Colours in the World are de- 
rived, not from any phyiical Change caufed in 
l^ight by" Refradipn or Reflexion, but only 
from the various Mixtures or Separations of 
llays, by virtue of their diiferent Refrangibility 
* '• ■ ' or' 
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or Reflexibility. And in this refpecfl the Science 
of Colours becomes a Speculation as truly" ma- 
thematical as any other part of Opticks. I mean, 
fo far as they depend on the "Nature of Light, 
ai:id are not produced or alter'd by the Power 
of Imagination, or by ilriking or preffing.the 
Eye. ' . ' . ' 
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PART III. 



Of the permajtent Colours of natural Bo- 
' ■ dksy and the y^nalogj between them and 
the Colours, of thin tranfparent Plates. , 



^^J A M now come to another part of 
this Defign, which is to coniider* how 
the Phsenomena of thin tranfparent 
Plates fland related to thofe of all o- 
thet natural Bodies. Of thefe Bodies I have al- 
ready told you that they appear of divers Co~ 

. lourSj 
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lours, accordingly as they are difpofed to refled . 
moft copioufly the Rays briginally endued with 
thofe Colours. But their Conftitutions, wherer- 
by they refled: fome Rays jnore copioufly than 
others,- remain to be difcover'd ; and the.fe 1 {hall 
endeavour to manifefl in -the following Propo- 
iitions. * . . . 

P R P p. I. 

^bofe. Superficies of tranfparent Bodies refleB the . 
greatcjl quantity of Lights which have the gtyat- - 
€Ji refraBiig Fo^e7'\ that is, which interade 
Mediums that differ mofli'n their refraBive Den- 
fiiies, Jhtd in the Confines of equally refraBing 
Mediums there is no Refexion. 

TH E Analogy between Reflexion and Re- , 
fradion will appear by confidering, thaf 
when Light paffeth obliquely 'out of one Medi- 
um into another which refrafts from the per-* 
pendicular, the greater is the difference of their 
refradive Denluy, the lefs Obliquity of Inci- 
dence is requifite to caufe a total Reflexion. 
For as the Sines are which meafure the Refra- . 
aion, fo is the Sine of Incidence at which the ' 
total Reflexion begins, to tlie Radius of the. 
Circle J and confequently that Angle of Inci- 
dence is leaft where there is the greatefl diffe- 
rence of the Sines. Thus in the pafTing of 
Light out of AVater into Air, where the Refra- 
tlion is meafurcd by the Ratio of the Sines 3 to, ' 
4, the total Reflexion begins when the Angle 
oi Incidence is about 48 Degrees 35 Minutes. 

In 
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In paffing out of Glats into Air, where the Re- 
fradion is meafured by the Ratio of the Sines 

•20 to 31, the total Reflexion jDegins when'th® 
Anglfe of Incidence ' is 40 Degrees 10 Minutes 5 
and fo in paffing out of Cryftal, or more ftrong- 
iy refrading^ Mediums into Air, there" is ftill a lefs 
obliquity requifite to caufe a total reflexion. 
Superficies* therefoi-e which refrad: maft do 
fooneft refled; all the Light which is incident 
on them, and fo mull be allowed moft ftrongly 
reflexive. * /, 

But the truth of this Propofition 'wi*!! farther 
appear by obferving, that in the Supg-ficies in- 
terqeding two tranfparent Mediums, (fuchasare 
Aiti Water, Oil, common Glafs, Cryftal, me^': 
talline Glafles, Iflan4 Glaffes, white tranfparent 
Arfenick, Diamonds , &c. ) the Reflexion is 
ftrbnger or. weaker accordingly, as the Super- 
ficies Hath a greater or lefs refracting Power.' 
For in the Confine of Air and Sal-gem 'tis 
ftronger than in the Confine of Air and Water, 
and ftill ftronger in the Confine*of Air' and com- 
mon Glafs or Cryftal, and ftronger in the Con- 
fine of Air and a Diamond. If any of thefe, 
and fuch like tranfparent Solids, be immefgeti 
in Water, its Reflexion becomes much weak- 
er than before ; and ftill weaker if they be im- 
me'rged in the more ftrongly refrading Liquors 

. of well redified Oil of Vitriol or Spirit of Tur- 
pentine, ' If Water be diftif^guifh'd into' two 
parts by any imaginary Surface, the Reflexion 
in the Confine of thofe two parts is none, at all. 
In the Confine of Water and Ice 'tis very little ; 
in that of Water and Oil 'tis fomething greater j 
' ■ in 



222 . O P T I C K S. 

in-th^tof Water and Sal-gem frill greater j and 
. in that of Water and Glafs, or Cryflal, or other 
denfer Siibftanccs ftill greater, accordingly ^as • 
thofe Mediums aiifer more 'or^ lefs in "theiY ce- 
frading Powers. Hence in the Confine of com^- 
mon Glafs and Cryflal, there ought to be a 
weak Reflexion, and a flronger Reflexion in 
the Confine of comnion and metalline Glafs j 
though I have not yet tried this. But in the 
Confine of two Glaffes of equal denfity, there 
is not any fenfible Reflexion j as was 'fliewn in 
the firfl: .Obfervation. And the fame may be 
underfl:ood of the Superficies interceding two 
Cryftals, or two Liquors, or any other Sub- 
ftances in which no Refradtion is caufed. So 
then the reafon why uniforiji pellucid Mediums 
(fuch as Water, Glafs, or Cryflal,) have no fen- 
fible Reflexion but in their external Superficies, 
where they are adjacent to other Mediums of 
a different denfity, is becaufe all their conti- 
guous parts have one . and the fame degree of 
denfity. ' . 

P R p p. IL 

'The leafi parts . of almoji all natural Bodies are 
in fome meafure tranfparent : And' the Opa- 
city of thofe Bodies arifeth from *the multi- 
tude of 'Reflexions cat fed in their internal 
■ Parts, 

'TpHAT this is fo has been obferved by o- 

-*• t.hers, and will eafily be granted by them 

that have been converfant with Microfcopcs. 

And it may be alfo tried by .applying, any fub- 

flance 
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ftance to a hole througli which, fome Light is 
immitted* into a dark Room. For how opake 
foever that Subftance 'may feem' in the open 
Air, it will by that means appear very manifeil:- 
ly tranfparent,' if it be of a fufficient thinnefs. 
Only white metalline Bodies mufl be excepted, 
which by reafon of their exceffive denfity feenn 
to refle(5|: almofl all the Light incident on their 
firft Superficies -, unlefs hy folution in Menftru- 
tlms they be reduced into Very fmall, Particles, 
and then they 'become tranfparent. 

■* . ' • . ' 

P R O P. Ill 

Between the parts of opake and colour d Bodies 

'are many Spaces^ either empty ^ or repleniJHd 

, with Mediums of other De fifties ; as Water 

. between ^ the tinging Corpufcles wherewith a- 
ny Liquor is impregnated^^. Air bUween the 

■ aqueous Qlobules that confitute Clouds or Mifis} 
and for the moft part Spaces 'void of both Air 
» ' • and Water ^ hut yet perhaps not wholly void of 
all Eubfiance^ between the parts of hard Bo- 
dies. ' ., • 

^°T^ H E truth of. this is evinced by the two 
-^ precedent Propofitions : For by . the fe^ 
cond Propofition there are many Reflexions 
made by the internal, parts of Bodies, which, by 
■ the firll; Propofition, would not happen if the 
. parts 'of. thofe Bodies were continued without 
any ilich Interfiiices between them 5 becaufe Re- 
flexions are caufed only in Superficies, which 
intercede Mediums of a differing denfity, by 
^Frop, I. . - 

'2 • But. 
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But farther, that this difcontiniiity of part? 
is the principal Caufe of the opacity of Bodies, 
will appear by confidering, that opake Subftan- 
ces become traiifparent by filling their Pones 
with any Subftance of equal or almoft equal den- 
lity with their parts. Thus Paper dipped in 
Water or Oil, the Oculus Mundi Stone fleep'd 
in Water, Linnen Clbth oiled or varnifh'd, and 
many other Subftances foaked in fuch Liquors 
as will intimately pervade their little Pores, be'*- 
come by that means more tranfparent than other- 
wife.; fo, on the contrary, the moll tranfparent 
Subflances may, by evacuating their Pores, or 
feparating their parts, be render'd fufficiehtly o- 
pake ; as Salts or wet. Paper, or the Oculus Mun- 
di Stone by being dried, Horn by being fcraped, ' 
Glafs by being reduced to Powder, or otherwife 
flawed; Turpentine by being ftirred about with 
Water till they mix imperfedly, and Water by " 
being form'd into many fmall Bubbles, either a- 
lone in the form, of Froth-, or by fliaking it to- 
gether with Oil of Turpentine, or Oil Olive, or' 
with fome other convenient Liquor, with which • 
it will not perfectly incorporate. And to the in- 
creafe of the opacity of thefe Bodies, it condu- 
ces fomething, that by the 23d Obfervation the 
Reflexions of very thin tranfparent Subftancesare 
confiderably llronger than thofe made by the 
fame Subflances of a greater thicknefs. 
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Prop. IV. 

^he Parts of Bodies and their Interjlices muft not 
be lefs than of fome definite bignefs^ to render 
them ofake and coloured, 

FOR the opakeft Bodies, if their parts be 
fubtilly divided, (as Metals, by being diffol- 
ved in acid Menftruums, &c) become perfed- • 
ly tranfparent. Arid you may alfo reniember, 
that in the eighth Obfervation there was no 
fenfible reflexion at the Superficies of the Ob- 
jea-glafTes, where they were very near one an^ 
other, though they did not absolutely touch. 
And in the 17th Obfervation the Reflexion of 
the Water- bubble where it became thinneft was 
almofl infenfiblc, fo as to caufe very black Spots 
to appear on the top of the Bubble, by the want 
of refleded Light. 

• On thefe grounds I perceive it is that Watef^ 
Salt, Glafs, Stones, and fuch like Subftances, 
are tranfparent. For, upon divers Confidera- 
tions, they feem to be as full of Pores or Inter- 
ftices between their parts as other Bodies are, 
but yet their Parts and Interfaces to be too 
fmall to caufe Reflexions in their common Syr- 
faces. 



Q^ Prop. 
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Prop. V. 

^he tranfparent parts of Bodies, according to their 
fe-veral JizeSy rejieB 'Rays of one Colour^ and 
trarfmit thofe of another, on the fame grounds 
that thin Plates or Bubbles do refleSi or tranfmit 
thofe Rays. And this I take to be the ground of 
all their Colours. 

"P O R if a thinn'd or plared Body, which 
-*■ being of an even thicknefs, appears all o- 
ver of one uniform Colour, fhould be flit into 
Threads, or broken into Fragments, of the fame 
thicknefs with the Plate? I fee no reafon why 
every Thread or Fragment fliould not keep its 
Colour, and by confequence why a heap of thofe 
Theads or Fragments fhould not conftitute a 
Mafs or Powder of the fame Colour, which the 
Plate exhibited before it was broken. And the 
parts of all natural Bodies being like fo many 
Fragments of a Plate, muft on the fame grounds 
exhibit the fame Colours. 

Now, that they do fo will appear by the affi- 
nity of their Properties. The finely colour'd 
Feathers of fome Birds, and particularly thofe 
of Peacocks Tails, do, in the very fame part of 
the Feather, appear of feveral Colours in feveral 
Pofitions of the Eye, after the very fame man- 
ner that thin Plates were found to do in the 
7th and 19th Obfervations, and therefore their 
Colours arife from the thinnefs of the tranfpa- 
rent parts *of the Feathers? that is, from the 
flendernefs of the very fine Hairs, or Capilla- 
nmta, which grow put of the fides of the 

srolTer 
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grolTer lateral Branches or Fibres of thofe Fea- 
thers. And to the fame purpofe it is, that the 
Webs of fome Spiders, by being fpun very fine, 
have appeared coiour'd, as fome have obferv'd, 
and that the coiour'd Fibres of fome SiMcs, by 
varying the Polition of the Eye,» do vary their 
Colour. Alfo the Colours of Silks, Cloths, 
and other Subflances, which Water or Oil can , 
intimately penetrate, become more faint and ' 
obfcure by being immerged in thofe Liquors, 
and recover their Vigor again by being dried ; 
much after the manner declared of thin Bodies 
in the loth and 21ft Obfervations. Leaf-Gold, 
fome forts of painted Glafs, the Infufion of 
Lignum Nephriticum^ and fome other Subftan- 
ces, refled: one Colour, and tranfmit another; 
like thin Bodies in the 9th and 20th Obferva- 
tions. And fome of thofe coiour'd Powders . 
which Painters ufe, may have their Colours a 
little changed, by being very elaborately and 
finely ground. Where I fee not what can be 
juftly pretended for thofe changes, befides the 
breaking of their parts into lefs. parts by that 
contrition, after the fame manner that the Co- 
lour of a thin Plate is changed by varying its 
thicknefs. For tvhich reafon alfo it is that the 
coiour'd Flowers of Plants and Vegetables, by 
being bruifed, ufually become more tranfparent 
than before, or at leaft in fome degree or o- 
ther change their Colours. Nor is it much lefs 
• to my purpofe, that, by mixing divers Liquors, 
very odd and remarkable Frodudions and 
Changes of Colours may be eifeded, of which 
no caufe can be more obvious and rational than 

Q^ tnat 
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that the fallne Corpufcles of one Liquor do vari-» 
oully ad upon or unite with the tinging Corpufcles 
of another, fo as to make them fwell, or fhrink, 
(whereby not only their .bulk but their denfity 
alfo may be changed,) or to divide them into 
fmaller Corpufcles, (whereby a colour'd Liquor 
may become tranfparent,) or to make niany of 
them affociate into one clufter, whereby two 
tranfparent Liquors may compofe a colour'd one. 
For we fee how apt thofe faline Menftruums are 
to penetrate and diifolve Subftances to which 
they are applied, and fome of them to precipi- 
tate what others diffolve. In like manner, if wc 
conlider the various Phaenomena of the Atmo- 
fphere, we may obferve, that when Vapours are 
firft raifed, they hinder not the tranfparency of 
the Air, being divided into parts too fmall to 
caufe any Reflexion in their Superficies. But 
when in order to compofe drops of Rain they 
begin to coalefce and conftitute Globules of all 
intermediate fizes, thofe Globules, when they 
become of a convenient fize to refled: fome Con- 
tours and tranfmit others, may conftitute Clouds 
of various Colours according to their fizes. And 
I fee not what can be rationally conceived in fo 
tranfparent a Subftance as WateSr for the produ- 
&.ion of thefe Colours, befides the various ilze§ 
of its fluid and globular Parcels. 
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Prop. VI. 

^he parts of Bodies on which their Colours depend, 
are denfir than the Medium which pervades 

their Interjlices, * ' 

• 

THIS will appear by conlidering, that the 
Colour of a Body depends not only on. 
the Rays which are incident perpendicularly 
on its parts, but on thofe alfo which are inci- 
dent at all other Angles. And that according 
to the 7th Obfervation, a very little variation 
of obliquity will change the refle(5ted Colour, 
where the thin Body or fmall Particle is rarer 
than the ambient Medium, infomuch that fuch 
a fmall Particle will at diverfly oblique Inci- 
dences refled all forts of Colours, in fo great a 
variety that the Colour refulting from them all, 
confufedly refleded from a heap of fuch Parti- 
cles, mull rather be a white, or grey than any- 
other Colour, or at beft it muft be but a very 
imperfed and dirty Colour. Whereas if the 
thin Body or fmall Particle be much denfer than 
the ambient Medium, the Colours, according to 
the 19th Obfervation, are fo little changed by 
the variation of obliquity, that the Rays which 
are refleded leaft obliquely may predominate 
over the reft, fo much as to caufe a heap of fuch 
Particles to appear very intenfely of their Co- 
lour. 

It conduces alfo fomething to the confirma- 
tion of this Propofition, that, according to the 
22d Obfervation, the Colours exhibited 'by the 
denfer thin Body within the rajer, are more 
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brisk than thofe exhibited by the rarer within the 
denfer* 

Prop. VII. 

'T'he bignefs of the • component parts of natural Bo- 
dies may be conjeliured by their Colours. 

FO R lince the parts of thefe Bodies, by 
I^rop. 5. do mofl probably exhibit the 
fame Colours with a Plate of equal thicknefs, 
provided they have the fame refradiive dcnfity 5 
and fince their parts feem for the mcft part to 
have much the fame denfity with Water or 
Clafs, as by many cireumftances is obvious to 
colled: ; to determine the fizes of thofe parts, 
you need only have recourfe to the precedent 
Tables, in which the thicknefs of Water or 
Glafs exhibiting any Colour is exprelfed. Thus 
if it be deiired to know the diameter of a Cor- 
pufcle, which being of equal denfity with Glafs 
ihall refled green of the third Orders the Num- 
ber 162 fhews it to be ---^ parts of an Inch. 
^ 1 0000 -1 

The greateft difiiculty is here to know of 
what Order the Colour of any Body is. And 
for this end we muft have recourfe to the 4th 
and 1 8th Obfervations ; from whence may be 
colleded thefe particulars. 

Scarlets j, and other reds^ oranges y and yeU 
lows, if they be pure and intenfe, are moft pro- 
bably of the fecond order. Thofe of the firfl 
and thirci order alfo may be pretty good; only 
the yellow of the iirit order is faint, and the 

orange 
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orange and red of the third Order have a great 
Mixture of violet and blue. 

There may be good Greem of the fourth Order, 
but the pureft are of the third. And of this 
Order the green of all Vegetables feems to be, 
partly by reafon of the Intenfenefs of their Co- 
lours, and partly becaufe when they wither fome 
of them turn to a greenifli yellow, and others 
to a more perfed yellow or orange, or perhaps 
to red, paffmg firil through all the aforefaid in- 
termediate Colours. Which Changes feem to 
be effe(fted by the exhaling of the Moiflure 
which may leave the tinging Corpufcles more 
denfe, and fomething augmented by the Accre- 
tion of the oily and earthy Part of that Moiilure. 
Now the green, without doubt, is of the fame 
Order with thofe Colours into which it.chang.eth, 
becaufe the Changes are gradual, and thofe Co- 
loui*s, though ufually not very full, yet are 
often too full and lively to be of the fourth 
Order. 

Blues and Purples may be either of the fe- 
cond or third Order, but the beft are of the 
third. Thus the Colour of Violets feems to be 
of that Order, becaufe their Syrup by acid Li- 
quors turns red, and by urinous and alcalizate 
turns green. For fince it is of the Nature of 
Acids to diflblve or attenuate, and of Alcalics 
to precipitate or incralTate, if the Purple Co- 
lour of the Syrup was of the fecond Order, aa 
acid Liquor by attenuating 'its tinging Cor- 
pufcles would change it to a red of the firft Or- 
der, and an Alcali by incraffating them woul4 
change it to a green of the fecond Order ; 

Qa which 
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which red and green, efpecially the green, feenn 
-too imperfea: to be the Colours produced by 
thefe Changes. But if the faid Purple be fup- 
pofed of the third Order, its Change to red of the 
fecond, and green of the third, may without any 
Inconvenience be allow'd. 

If there be found any Body of a deeper and lefs 
reddifh Purple than tl^t of the Violets, its Colour 
mofl probably is of the fecond Order. But yet 
there being no Body commonly known whofe Co- 
lour is conftantly more deep than theirs, I have 
made ufe of their Name to denote the deepeft and 
leaft reddifli Purples, fuch as manifeftly tranfccnd 
their Colour in purity. 

The blue of the firft Order, though very faint 
and little, may poffibly be the Colour of fome 
Subftances; and particularly the azure Colour 
of the Skies feems to be of this Order. For all 
Vapours when they begin to condenfe and coa- 
lefce into fmall Parcels, become firft of that Big- 
nefs, whereby fuch an Azure muft be refle<5tedl)e*' 
fore they can conftitute Clouds of other Colours. 
And fo this being the firft Colour which Vapours 
begin to refled:, it ought to be the Colour of the 
fineft and moft tranfparent Skies, in which Va- 
pours are not arrived to that Grofthefs requifite to 
reflea other Colours, as we find it is by Expe- 
rience. 

Whitenefs^ if moft intenfe and luminous, is 
that of the firft Order, if lefs ftrong and lumi- 
nous, a Mixture of the Colours of feveral Or- 
ders. Of this laft kind is the Whitenefs of 
Froth, Paper, Linnen, and moft white Sub- 
ftances \ of the former I reckon that of white 

Metals 
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Metals to be. For whilft the denfefl of Metals, 
GoW, if foliated, is tranfparent, and all Metals 
become tranfparent if diifolved in Menftruums 
or vitrified, the Opacity of white Metals ari- 
feth not from their Denfity alone. They be- 
ing lefs denfe than Gold would be more tranf- 
parent than it, did not fome other Caufe con- 
cur with their Denfity to make them opake. 
And this Caufe I take to be fuch a Bignefs of 
their Particles as fits them to rcfleA the white of 
the firft order. For, if they be of other Thick- 
neffes they may reflea other Colours, as is ma- 
nifeft by the Colours which appear upon hot 
Steel in tempering it, and fometimes upon the 
Surface of melted Metals in the Skin or ScOria 
which arifes upon them in their cooling.' And 
as the white of the firft order is the llrongeft 
which can be made by Plates of tranfparent 
Subftances, fo it ought to be ftronger in the 
denfer Subftances of Metals than in the rarer 
of Air, Water, and Glafs. Nor do I fee but 
that metallick Subftances of fuch a Thicknefs as 
may fit them to reflea the white of the firft or- 
der, may, byreafon of their gr^at Denfity (ac- 
cording to the Tenor of the firft of thefe Pro- 
pofitions) reflea all the Light incident upon 
them, and fo be as opake and fpfendent as it's 
pofifible for any Body to be. Gold, or Copper 
mix'd with lefs than half their Weight of Silver, 
or Tin, or Regulus of Antimony, in fufion, or 
amalgamed with a very little Mercury, become 
white} which fliews both that the Particles of 
white Metals have much more Superficies, and 
fo are fmaller, than thofe of Gold and Copper 

and 
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and alfo that they are fo opake as notto fufFer 
the Particles of Gold or Copper to ihine through 
them. Now it is fcarce to be doubted, but 
that the Colours of Gold and Copper are of 
the fecond or third order, and therefore the 
Particles of white Metab cannot be much big- 
ger than is requifite to make them reflect the 
white of the firft order. The Volatility of Mer- 
cury argues that they are not much bigger, 
nor may they be much lefs, left they lofe their 
Opacity, and become either tranfparent as they 
do when attenuated by Vitrification, or by Solu- 
tion in Menftruums, or black as they do when 
ground fmaller, by rubbing Silver, or Tin, or 
Lead, upon other Subftances to draw black 
Lines.*' The firft and only Colour which white 
Metals take by grinding their Particles fmaller, 
is black, and therefore their white ought to be 
that which borders upon the black Spot in the 
Center of the Rings of Colours, that is, the 
white of the firft order. But, if ^ou would 
hence gather the Bignefs of metallick Particles, 
you muft allow for their Den fity. For were 
Mercury tranfparent, its Denfity is fuch that 
the Sine of Incidence upon it (by my Compu- 
tation) would be to the Sine of its Refra<5tion, 
as 7 1 to 20, or 7 to 2. And therefore the Thick- 
nefs of its Particles, that they may exhibit the 
fame Colours with thofe of Bubbles of Water, 
ought to be lefs than the Thicknefs of the 
Skin of thofe Bubbles in the Proportion of 2 
to 7. Whence it's poffible, that the Particles 
of Mercury may be as little as the Particles of 

fome 
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fome tranfparent and volatile Fluids, and yec 
reficd the white of the firft order. 

Laftly, for the produdion of blacky the Cor- 
pufcles muft be lefs than any of tltofe which ex- 
hibit Colours. For at all greater fizes there is 
too much Light refleded to conftitute this Co- 
lour. But if they be fuppofed a little lefs than 
is requifite to refleft the white and very faint 
blue of the firft order, they will, according to 
the 4th, 8th, 17th and 1 8th Obferv'ations, reflect 
fo very little Light as to appear intenfly black, 
and yet may perhaps varioully refrad: it to and 
fro within themfelves fo long, until it happen 
to be flifled and loft, by which means they will 
appear black in all pofitions of the Eye witliout 
any tranfparency. Amd from hence may be under- 
ftood why Fire, and the more fubtile diilolvcr Pu- 
trefadion, by dividing the Particles of Subftan- 
ces, turn them to black, why fmall quantities 
of black Subftances impart their Colour very 
freely and intenfly to other Subftances to which 
they are applied j the minute Particles of thefe, 
by reafon of their very great number, eafily o- 
verfpreading the grofs Particles of others j why 
Glafs ground very elaborately with Sand on a 
Copper Plate, 'till it be well polifli'd, makes 
the Sand, together with v/hat is worn off from 
the Glafs and Copper, become very black: 
why black Subftances do fooneft, of all others 
become hot in the Sun's Light and burn, (which 
Efted may proceed partly from the multitude 
of Refradions in a little room,- and partly from 
the eafy Commotion of fo very fmall Cor- 
pufclesi ) and why blacks are ufually a little in- 
clined 
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dined to a bluifh Colour. For that they are fo 
may be feen by illuminating white Paper by 
Light reflefted from black Subftances. For the 
Paper will ufually appear of a bluifh white; and 
the reafon is, that black borders on the obfcure 
blue of the order defcribed in the iSth, Obferva- 
tion, and therefore refled:s more Rays of that Co- 
lour than of any other. 

In thefe Defcriptions I have been the more 
particular, becaufe it is not impoflible but that 
Mifcrofcopes may at length be improved to the 
difcovery of the Particles of Bodies on which 
their Colours depend, if they are not already in 
fome meafure arrived to that degree of per- 
fedtion. For if thofe Inflruments are or can be 
fo far improved as with Sufficient diftindnefs 
to .reprefent Objeds five or fix hundred times 
bigger than at a Foot diftance they appear to 
our naked Eyes, I fliould hope that we might 
be able to difcover fome of the greateft of thofe 
Corpufcles. And by one that would magnify 
three or four thoufand times perhaps they might 
all be difcover'd, but thofe which produce 
blacknefs. In the mean while I fee nothing ma- 
terial in this Difcourfe that may rationally be 
doubted of, excepting this Pofition : That tran- 
fparent Corpufcles of the fame thicknefs and 
denfity with a Plate, do exhibit the fame Co- 
lour. And this I would have underftood not 
without fome Latitude, as well becaufe thofe 
Corpufcles may be of irregular Figures, and 
many Rays muft be obliquely incident on them, 
and fo have a fhorter way through them^ than 
the length of their Diameters, as becaufe the 

flraitnels 
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ftraitnefs of the Medium put in on all fides 
within fuch Corpufcles may a little alter its Mo- 
tions or other qualities on which the Reflexion 
depends. But yet I cannot much fufped the 
laft , becaufe 1 have obferved of fome fmall 
Plates of Mufcovy Glafs which were of an even 
thicknefs, that through a Microfcope they have 
appeared of the fame Colour at their edges and 
corners where the included Medium was ter- 
minated, which they appeared of in other pla- 
ces. However it will add much to our SatiA 
faction, if thofe Corpufcles can be difcover'd 
with Microfcopes 5 which if we fliall at length 
attain to, I fear it will be the utmoft improve- 
ment of this Senfe. For it feems impoflible to 
fee the more fecret and noble Works of Nature 
within the Corpufcles by reafon of their tranfpa- 
rency. 

Prop. VIIL 

'the Caiife of Rcfcxion is not the impinging of 
Light on thefoUd or impervious parts of Bodies^ 
as is commonly believed. 

np HIS will appear by the following Confi- 
-^ derations. Firft, That in the paflage of 
Light out of Glafs into Air there is a Reflexion 
as ftrong as in its pafTage out of Air into Glafs, 
or rather a lit.tle fl:ronger, and by many degrees 
ftronger than in its paflage out of Glafs into Wa- 
ter. And it feems not probable that Air fhould 
have more ftrongly reftedling parts than Water 
or Glafs. But if that {liould poflibly be fuppo- 
fed, yet it will avail nothing} for the Reiexion 

is 
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is as ftrong or flronger when the Air is drawn 
away from the Glafs, (fuppofe by the Air-Pump 
invented by Otto Guefiet, and improved and made 
ufeful by Mr. Boyle) as when it is adjacent to it. 
Secondly, If Light in its palTage out of Glafs 
into Air be incident more obliquely than at an. 
Angle of 40 or 4 1 Degrees it is wholly refleded, 
if lefs obliquely it is in great meafure tranfmit- 
ted. Now it is not to be imagined that Light at 
one degree of obliquity fliould meet witii Pores 
enough in the Air to tranfmit the greater part of 
it, and at another degree of obliquity fliould 
meet with nothing but parts to refledt it wholly, 
efpecially confidering that in its pafTage out of 
Air into Glafs, how oblique foever be its Inci- 
dence, it finds Pores enough in the Glafs to tranf- 
mit a great part of it. If any Man fuppofe that 
it is not rc'flcdlcd by the Air, but by the outmoft 
fuperiicial parts of the Glafs, there is ftill the 
fame dithculty: Befides, that fuch a Suppofition 
is unintelligible, and will alfo appear to be falfe 
by applying Water behind fome part of the Glafs 
inilead of Air. For fo in a convenient obliquity 
of the Rays, fuppofe of 45 or 46 Degrees, at 
which they are all refleded where the Air is adja- 
cent to the Glafs, they fliall be. in great meafure 
tranfmitted where the Water is adjacent to it; 
which argues, that their Reflexion or Tranfmiffi- 
on depends on the conilitution of the Air and 
Water behind the Glafs, and not on the ftriking 
of the Rays upon the parts of the Glafs. Third- 
ly, If the Colours made by a Prifm placed at 
the entrance of a Beam of Light into a darken'd 
Room be fuccelTively caft on a fecond Prifm 

placed 
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placed at a greater diflance from the former, 
in fuch manner that they are all alike incident 
•upon it, the fecond Prifm may be fo inclined to • 
the incident Rays, that tliofe which are 6f a 
blue Colour fhall be all reflected by it, and yet 
thofe of a red Colour pretty copioully tranfmit- 
ted. Now if the Reflexion be caufed by the 
parts of Air or Glafs, I would ask, why at the 
fame Obliquity of Incidence the blue fhould 
wholly impinge on tliofe parts, fo as to be ail 
reflected, and yet the red find Pores enough 
to be in a great meafure tranfmitted. Fourth- 
ly, Where two GlalTes touch one another, there, 
is no fenfible Reflexion, as was declared in the 
firfl: Obfervationj and yet I fee no reafon why 
the Rays £hould not impinge on the parts of 
Glafs, as much when contiguous to other Glafs 
as when contiguous to Air. Fifthly, When 
the top of a Water-Bubble (in the i7th Obfer- 
vation, ) by the continual fubiiding and exha- 
ling of the Water grew very thin, there was 
fuch a little and almoft infenfible quantity of 
Light refleded from it, that it appeared in- 
tenfly black; whereas round about that black 
Spot, where the Water was thicker, the Refle- 
xion was fo ftrong as to make the Water feem 
very white. Nbr is it only at the leaft thick- 
nefs of thin Plates or Bubbles, that there is no 
manifeft Reflexion, but at many other thick- 
nefl'es continually greater and greater. For in 
the 15 th Obfervation the Rays of the fame Co- 
lour were by turns tranfmitted at dne thicknefs, 
and refleded at another thicknefs, for an in- 
determinate number of Succeflions. And yet 
I in 



240 O P T I C K S. 

in the Superficies of the thinned Body, where 
it is of any one thicknefs, there are as many 
parts for the Rays to impinge on, as where it . 
is of any other thicknefs. Sixthly, If Reflexion 
were caufed by the parts of refledling Bodies, 
it would be impoffible for thin Plates or Bub- 
bles, at one and the fame place, to reflect the 
Rays of one Colour, and tranfmit thofe of ano- 
ther, as they do according to the 13 th and 15 th 
Obfervations. For it is not to be imagined 
that at one place the Rays which, for inftance, 
exhibit a blue Colour, fhould have the fortune 
to dafh upon the parts, and thofe which exhi- 
bit a red to hit upon the Pores of the Body 5 
•and then at another place, where the Body is 
either a little thicker, or a little thinner, tliat 
on the contrary the blue fhould hit upon its 
pores, and the red upon its parts. Laftly, Were 
the Rays of Light refleded by impinging on 
the folid pa*rts of Bodies, their Reflexions from 
polifh'd Bodies could not be fo regular as they 
are. For in pol idling Glafs with Sand, Putty, or 
Tripoly, it is not to be imagined that thofe 
Subflances can, by grating and fretting the Glafs, 
bring all its leaft Particles to an accurate Polifli j 
fo that all their Surfaces ihall be truly plain or 
truly fpherical, and look all the fame* way, fo 
as together to compofe one even Surface. The 
fmaller the Particles of thofe Subftances are, 
the fmaller will be the Scratches by which they 
continually fret and wear away the Glafs unti^ 
it be polifh'dj but be they never fo fmall they 
can wear away the Glafs no otherwife than by 
grating and fcratching it, and breaking the 
3 Protu- 
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• protuberances} and therefore polifli k no o-* 
therwife than by bringing its Toughnefs to a ve- 
ry Aie Grain, £0 that the Scratches and Fret* 
tings of the Surface become too fnaali to be 
vifible. An^ therefore if* Light were refleifted 
by impinging upon •the folid parts of the Glafs^ 
it Would be fcatter'd as much by the moft po- 
liih'd Glafs as by the rougheft. So then it re^ 
maiHS a Problem, how Glafs polifli'd by'frettitig 
Subftances can itfledl Light fo regularly a*i tt 
does. And this Problem is fc^rce othsrwife to 
be folved, than by faying, that the Reflexion of 
a Ray is effedted, not by a fnigle point of the 
reflcdling Body, but by fome power of _ the Bo* 
dy which is evenly diffufed ail over its Surface^ 
'and by which it acts upon the Ray without im- 
mediate Contad, For that the parts of Bodies 
do ad; upon Light at a diftance ihalj be Ihewn 
hereafter. 

Now if Light.be refle(5ted, nofby impinging 
on the folid parts of Bodies, but by fome other 
principle ; it's probable that as many of its Rays 
as impinge on the folid parts of Bodies are not 
reflected but ftifled and loll in the Bodies. For 
otherwife we»muft allow two forts of Refle- 
xians. Should all the Rays be refleaed which 
impinge on the internal parts of clear Water or 
Cryflal^ thofe SuWlances would* rather have a 
cloudy Colour than a clear Tranfparency. To 
make-Bodies look black, it's neceffary that ma- 
ny Rays be itopp'd, retained, and loll in them } 
and it feems not probable that any Rays can be 
ftopp'd and {lifted in them which do not im- 
pinge on their parts, ' ♦ 

■^ • ■ . R . And 
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* And hence we may underftand that Bodies 
are much more rare and porous than is Qpiji- 
monly believed. Water is nirieteen times light- 
er, and by confequence nineteen times rarer 
than Gold j and Gold is fo rare as very readily 
and without the leaft oppofifion to tranfmit the 
magnetick Effluvia, and eafily to admit Quick- 
filver into its Pores, and to let Water pafs 
through it. For a concave Sphere of Gold fil- 
led* with Water, and folder'dup, has, upon prcf^ 
fmg the Sphere with great force, let the Water 
fqueeze through it, and ftand all over its out- 
fide in .multiaides of fmall Drops, like Dew, 
without burfting or cracking the Body of the 
Gol^d, as I have been inform'd by an Eye-wit- 
nefs. From all which we may conclude, that 
Gold has more Pores than foiid parts, and by 
confequence that Water has above forty times 
more Pores than Parts. And he that fhall find 
out an Hypothefis, by which Water may be fo 
rare, and yet not be capable of compreffion by 
force, may doubtlefs by the *fame Hypothefis 
make Gold, and Water, and all other Bodies, as 
much rarer as he pleafes^ fo that Light may 
find a ready pafiage through tratifparent Syb- 
ijances. 

The Magnet ad:s upon Iron through all denie 
Bodies not magnetick nor red hot, witiiout a- 
ny diminution of its Virtue ; as for inftance, 
through Gold, Silver, Lead, Glafs, Water. 
The gravitating Power of the Sun is tranfmit- 
ted through the vail Bodies of the Planets with- 
out any diminution, fo as to ad upon all their 
parts to their very centers, with the fame Force 

and 
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and according to the fa^ne Laws, as if the pare 
upon which it ads were not furrouncfed with 
the Body of the Planet^ The Rays of Light, 
whether "they be very fmail Bodies projeded, 
or only Motion or Force propagated, are mo- 
ved in right Lines ; and* whenever a Ray of 
Light is by any Obftaclc turned tout of its redti- 
linear way, it will neyer return into the fame 
reftilinear way, imlefs perhaps by very great ac- 
cident. And yet Light is tranlmitted through 

* pellucid foHd Bodies m right Lines to very great 
diftances. How Bodies can have a^ fufficieiit 
quantity of Pores for producing thefe EfFeds is 
very difficult to conceive, but perhaps not al« 
together impoffible. * For the Colours of Bodies 
arife from the Magnitudes of the Particles which 

^refled them, as was explained 'above. Now if 
*we conceive thefe Particles of Bodies- to, be fo 
difpofed amongft themfelves, that the Intervals 
* or empty Spaces between them may be equal in 
magnitude to them all j and that thefe Parti- 
cles may be compofed of other Particles much 
fmaller, which ha¥^» much empty Space be- 
tween them as ecfHTs all the Magnitudes of 
thefe fmaller Particles: And that in like man- 

* ner thefe fmaller Particles are again compofed 
of others much fmaller, all which together ape 

'equal to all the Pores or empty Spaces between 
them ; a'nd fo on perpetually till you cojite to 
folid Particles, fuch as have no Pores or empty 
Spaces within them : And if in any grofs Body 
therp be, for inftance, three fuch degrees of 

* Particles, the leaft of which are folid j this Bo- 
dy will have feven times more W^s' than folid 

R 2 Parts. 
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Parts. ^ But if there be four fuch degrees of 
Particteg', the leafl of which are foHd, the Bo- 
dy will have fifteen rirnes more Pores than foiid 
Parts. *If there be five degrees, the Body will 
have one and thirty times more Pores than folid 
Parts, if fix degrees^ the Body .will 'have" fixty 
and three times Qiore Pores than folid Parts. And 
fo on perpetually. And there are other ways of 
conceiving how Bodies may be exceeding porous. 
But what is really their inward Frame is not yet 
known to us. 

Pro^. IX. 

Bodies refieB and refradl Light by one and the 
fame power, isarioujly exercifed in 'various Cir-^ 
cumfiances, ^ , 

^ I ' H I S' appears by feveral Confiderations-. ' 
-■" Firft, Becaufe when Light goes out of 
Glafs into Air, as obliquely as it can poffibly 
do. -If its Incidence be made ftill more oblique, 
it becomes totally refleded. For the power of 
the Glafs after it has refrad^d the' Light as ob- 
liquely as is pofiible, if the Incidence be fi:ill 
made more oblique, becomes too ftrong to let 
any of its Rays go through, and by confequence 
caufes total Reflexions. Secondly, 'Becaufe 
Light is alternately reflected and tranfmitted* 
by thin Plates of Glafs for many Succeflions, 
accordingly as the thicknefs of the Plate increa- 
fes in an arithmetical Progreflion. For here 
the thicknefs of the Glafs determines whether*, 
that Power by which Glafs ads upon Light 
fhall caufe it to be reiieded, or fuifer it to be 

tranf- 
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tranfmitted. And, Thirdly, Becaufe thofe Sur- 
faces of tranfparent Bodies which have the great- 
eit refradling power, refled the greateft quan- 
tity of 'Light, as was ihewn in the iBrft Propor- 
tion. 
.-•■.' * 

• P R O p. X. 

Tf Light be fwifter in Bodiei than in Vacuo, In 
the proportion of the Sines which meajure the 
RefraBion of the ^Bodies, the Forces &j the 
Bodies to refleB dnd refraB Light, are n>ery 
,. nearly proportionak to the denfties of the fame 
Bodies; excepting that unBuous^an^ Julpbureous 
Bodies refraB more than others of this fame den- 

LET AB reprefent the refrading plane Sur- 
face of any Body, and IC a Ray incident 
very obliquely upon the Body in^, io that the 




Angle ACI may be ' infinitely little, and let CR, 
be the refraded Ray. From a given Point B 
perpendicular to the refrading Surface ered B R 
meeting with the refrading llay C R in R, and 
if CR /eprefent the Motion of the refraded 
Ray, and this Motion be diflinguifh'd into two 
Motions CB and BR, whereof GB is paral- 

R 3 iel 
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lei to the refrad:ing Plane, and BR perpendi- 
cular to it : C B Ihall reprefent the Motion of • 
• the incident Ray, and B R the Motion genera- ^ 
ted by tlie Refiadion, as Opticians have, of kte 
explained. , , * 

Now if any Body or Thing, in moving through 
any Space of a given 'breadth terrninate4 on 
both fides by two parallel Planes, be urged for* 
ward in all parts of that Space by Forces tend. 
ing directly forwards towards the lall Plane, and 
before its Incidence on the firfl Plane, had no 
Motion towards it, or biit an infinitely little * 
one ; and if the Forces in aH parts of that Space, 
between the Planes, be at eqUal diftances^from 
the Planes 'equal to one another, but at feveral 
difianceg. be bigger or Icfs in any given Propor- 
tioi], the Motion generated by the I^orces in 
the \^liole paffiige of the Body or thing through 
that Spi'xe fliaH be in a fubduplicate Proportion 
of the Forces* as Mathematicians will eafily 
underftand. And therefore, if the Space of acti- 
vity of the refrading Superficies of the Body • 
be confider'd as fuch a Space, the Motion of 
the Ray generated by the refrading Force of 
the Body,* during its paffage through that Space, 
that is, the Motion BR, muil'be in fubduplf- 
cate Proportion of that refracting Force. I fay 
therefore, that the Square of the Line B R, arid 
"by confequence the refrading Force of the Bo- 
dy, is very nearly as. the denfity .of ^e fame Bo- 
dy. For this will appear by the following Ta- 
ble, wherein the Proportion of the Sines whi^h 
meafure the Refradions of feveral Bodies, the 
Square of BR, fuppofingCB an unite, theDen- 

. fities . 
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fities of the Bodies eftimated by their Specifick 
Gravities, and their Refraaiye Power in refped 
of their Denfities are fct down i^ feveral Co- 
lumns. 
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The Refradlon of the Air in this Table is de- 
termin'd by that of the Atmofphere obferyed 
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by Aftronomers. For, if Light pafs through maay 
refrading Subll:ance;^,or Mediums gradually denffr 
and denfer, and terminated with' parallel Surfaces, 
the Sum of all the Refradions will be equal to 
the fingle Refradtion which it would have fuffer'd 
in palling immediately out .of the firfl Mediuna 
into the Tail. And this holds true, though the . 
Number of the refradtin^ Subftances be inereafed 
to Infinity, and fhe Diftances from one another 
as much decreafed, fo that the Light may be 
refra6:ed' in cvety Point of its Paflage, and by 
continual I^efraftions bent into a Curve-Line. 
And therefore the whole Refradlion of Light 
in paffing through the Atmofphere from the 
higheil and rareftPart.thereof down to the lowejft 
and denfefl Part, mufl be equal to the Re- 
fradion wbJch it would fuffer in paffing at 
like Obliquity out of a Vacuum immediately 
into Air of equal Denfity with that in the lovv^efl 
Part of the Atmofphere." • 

Now, although a Pfeudo-Topaz, a Selenitis, 
Rock '.Cryllal, Illand Oyftal, Vulgar Glafs 
(that is, Sand melted together) and Glafs of 
Antimony, which are terreftrial ftony alcalizate 
Concretes, and Air. which probably arifes from 
fuch Subftances by Fermentation, be Subftances 
very differing from one another in Denlity, yet 
by this Table, they have' their refradive Powers 
almoft in the fame Proportion to one another 
as their Denlities are, excepting that i;he Re- 
fradion of that flrange Subflance, liland Cryftal 
is a little bigger than the reft. And parti- 
cularly Air, which is 350Q Times rarer thai> 
t|ie 'Pfeudp-Topaz, .and 4400 Times rarer than 
• ■ ■ ■' . a . ■ ' . . • ■ , Glafs 
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Glafs of Antimony, and 2000 Times rarer than 
the Selenitis, Glafs vulgar, ^ or Gryftal of the 
Rock, has notwithftanding its rarity the fame re- 
fradive Power in refpe(5t of its Denfity which 
thofe very denfe Subftances have in refpeft of 
theirs, excepting fo far as thofe differ from one 
another. 

"Again, theRefradion of Camphire, Oil Olive, 
Linfeed Oil, Spirit of Turpentine and Amber, 
which arc fat fulphureous undtuous Bodies, and 
a Diamond, which probably is an undtuous Sub- 
ftance coagulated, have their refra6tive Powers in. 
Proportion to one another as*their Denlities with- 
out any confiderable Variation. •But the re- 
fra6live Powers of thefe unduous Subftances are 
two or three Times greater in refped, of their 
Denfities than the refractive Powers of .the former 
Subftances in refpedl of theirs. , ^ 

Water has a refractive Power in a middle de- 
gree between thofe two forts of Subftances, 
and probably is of a middle nature. For out 
of it grow all vegetable and animal Subftances, 
which confift as well of fulphureous fat and in- 
flamable Parts,* as of earthy lean and* alcalizate 
ones. ' . • ■ 

Salts and Vitriols have reffadive Powers''in a 
middle degree between thofe of earthy Subftances^ 
and Water, and accordingly are comp#fed of 
thofe two forts of Subftances. For by diftillation 
and rediiication of their Spirits a great Part of 
them goes into Water, and a great Part remains 
behind in the form of a dry fix'd Earth capable 
of Vitrification. 
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Spirit of Wine has a refractive Power in a 
iiaiddie degree between thofe* of Water and oily 
Subilances, anfl accordingly feems to be compo- 
jfed of both,' uiiited by Fermentation ; the Water, 
by means of fome faline Spirits with which 'tis 
impregnated, diflolving thd Oil, and volatizing 
it by the Adion. For Spirit of Wine is inflama- 
bie by means of its oily Parts, and being diftilled 
often from Salt of Tartar, grow by ev^ry diftil- 
lation more and* more aqueous and phlegma* 
tick. And Chymifts obferve, that Vegetables 
■ (as Lavender, Rue, Marjoram, 8fc.) diftilled/j^r 
jf^, before fermentation yield Oils withput^ any 
burning Spirits, but after fermentation yield ar- 
dent Spirits without Oils : Which fhews, that 
their Oil is by fermentation converted into Spi- 
rit. They find alfo, that if Oils be poured in a 
iiiiall quantity upon fermentating Vegetables, 
they *dif til over after fermentation in the form 
of* Spirits. 

So then, by the foregoing Table, all Bodies 
feem to have their refradive Powers propor- 
tional to their Denfities, (or very nearly j) ex- 
cepting fo 'far as they partake rilore or lefs of 
• . ' iulphureous oily Particles, and thereby have their 
refractive Power made greater or lefs. Whence 
it feems rational to attribute the refradive Power 
• of all bodies chiefly, if not wholly, to the ful- 
phureous Parts with wdiich they abound. For 
it's probablethat all Bodies abound more or lefs 
with Sulphurs. And as Light congregated by a 
Burning-glafs a^ls moft upon fulphureous- Bo- 
dies, to turn them into Fire and Flame ; fo, 
Tmce all Adion is mutual, Sulphurs ought to ad 

moft 
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moft upon Light. For that the-adtion between. 
Light and Bodies is mutual, may appear'from 
this Confiderationj That the denfeft- Bodies 
which refrad and reflea Light moft ftrongly, 
growhottell in the Summer Sun, by the.aaion 
of the refradled or refleaed Light. 

I have hitherto explain d the power of Bo- 
dies to reflcd'and refraift, and fliew'd, thatthiri 
tranfparent Plates, Fibres, and Particles, dp, ac- 
cording to their feveral thicknefles . and denfi- 
ties, r^ea feyeral forts of Rays, and thereby 
appear of feveral Colours ; and by confequen^e 
that nothing, more is reqmfite for producing all 
the Colours of natural Bodies, than the feyeral 
fizes and denfities of their tranfparent Particles. 
But whence it is that thefe Plates, Fibres, and 
Particles, do, according to their feveral thickn 
nefre§ and denfitiesj rpfiedl feveral forts: of. Rays, 
I have not yet explain'd. To give, fome infight 
into this matter, and make way for underitand- 
ing the next part of this Bobk, I fhalj conclude 
this part with a few more Propofitions. Thofb 
which preceded refpedt the nature of Bodies^. 
thefevthCf nature of Light: For both muft be. 
underftood, before jfhereafon of their Anions 
upon one another can be known; .And 'becaufe/ 
.the hik Propoiition depended upoii the velocity, 
of Light, I will begin with a Pfopofition of that- 
kind. '-.'■; 
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Pro p. XL 

'Light is propagated from lumijious' Bodies in 
- timCy and Jpends about feven or eight. Mi- 
■ mites of an Hour in pafing from the- Sun to the 
Earth. . ^ 

' J ^ H I Sv was obfcrved firft by B.oemer\, and , 
-*- then by- others, by means of the Eclipfes of 
the Satellites oi .Jupiter. For thefe Eclipfes , 
when the Earth is between the Sim and Jupiter ^ . 
happen about itytw or eight Minutes fooner 
than they ought to do ^by the Tables, and when 
the Earth is beyond the Sun they happen about 
feven or eight- Minutes later than they ought to 
do; the rfeafon being, that the Light of the 
Satellites has farther to go in the latter cafe 
than in the former by. the Diameter of . 
the Earth's Orbit.- Some inequalities of time 
may arife from the Excentricities of the Orbs of 
the Satellites ; but tlfofe cannot anfwer in ail the 
SatellFtes, and at all tinies to the Pofition and 
Diftance of the Earth from the Sun. The mean • 
motions of 7^//^^/ s Satellites is alfo fwifter in 
his defcent iror^ his Aphelium to his Perihelium, 
than in his afcent in the other half of his Orb.* 
But this inequality has no refpcdl to the -pofition • 
of the. Earth, and in the three interior Satellites^' ' 
is infenfible,* as I find by computation from ; the 
Theory of their Gravity, 



Prop, 



BOOK 11. 



=53 



Prop. XIL .^ . 

E^ery Ray of Light in its pajfage through any 
refrnBing Surface is put into a certain tranjient 

, Confiitution or . State , which in the progrefs 

.ef the Raf returns .at equal Intervaby and 
difpofes the Ray ai every return to be eajity 

. tranfmitted through the next rejraBing ' Sur- 
face ^ and between the .returns to be eafdfrefleBed 

^ by it, . ■ . 

TEt I S is manifeft by the 5 th, '9th, i2tlii 
and 15th pbfervations. For by thofe Ob- 
fervations it appears , that one and the feme 
fortbf Rays at equal Angles of Incidence on a^ 
ny thin tranfparent Plate, is alt'etnately refle<Skd 
and tranfmitted for many Succeffions according- • 
ly as the thicknefs of the Plate increafes in 
arithmetical Progreffion o£ the Numbers, o^ 
I* 2 J 3, 4, 5, 6, 7, 8, ^r. fo that if the firil 
Reflexion (that which makes. the firfl:, or inner- 
mofl of the Rings of Colours.there defcribed ) 
be made " at the thicknefs i , the Rays fliall be 
tranfmitted at the thicknelTes o,.2, 4, 6, 8,- 10, 
12, ^c. and thereby make the central Spot and 
Rings of Light, which appear by tranfmiffion^ 
and be refleded at the thicknefs i, 3, 5, jy 9, 
II, &c, and thereby make the Rings, which ■ 
appear by Reflexion. And this alternate Re- 
flexion and Tranfmiflion, as I gather by the .24th 
Obfervatioh , continues for above an hundred 
viciffitudes, and by the Obfervations in the ntxt • 
■part of this Book, for many ^thoufands, being 
propagated from one Surface of a Glafs Plate to 

"• . the 
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the other, though the thickneis of the Plate be 
a quarter of an Inch or above : So that this a-l- 
ternatioii fecms to be propagated from every 
refradine Surface to all diflances without end or 
limitation. ^ . 

This alternate Reflexion and Refradion de- 
pends qn both the Surface&^of every thin Plate, 
becaufe it depends on their diilance. By the 
2 1 ft Obfervation, if either Surface of a thin 
Plate of Mufcovy Glafs be whetted, the Colours 
caufed by the alternate Reflexion and Refraction 
grovv^ faint, and therefore it depends on them 
both. •- 

It is therefore perform'd at the fecond Surface; 
for if it were perform'd at the firft, before the 
Rays arrive at the fecond, it would not. depend 
on the fecond. 

It is alfo influenced by fome action or difpo- 
lition, propagated from the firft to the fecond, 
becaufe otherwife at the fecond k would not 
depend on the firft. And this adt^^bn or difpo- 
fition, in its propagation, interml||;;;^and returns 
by equal Intervals, becaufe in all ifs^.progrefs it 
inclines the Ray at one -diftance fi^om the firft 
Surface to be reflefted by the fecoiid, at ano- 
ther to be tranfmitted by it, and that by equal 
Intervals for innumerable viciflitudes. And be- 
caufe the Ray is difpofed to Reflexi(^ at the 
diftances i, 3, 5, 7, 9, &c. and to Tra^ttiflaoii 
at the diftances o, 2, 4, 6, 8, lOj^^j^Kfer its 
tranfmiffion through the firft Surface, ^fe . the 
diftance o, and it is tranfmitted throu^' both 
together, if their diftance be infinitely &le or 
much lefs than i) the difpofition to be trans- 
mitted 
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mitfed at the diftances 2, 4, 6, 3, 10, &c, is to be 
accounted a return of the lame difpofition which' 
the Ray firfl had at' the diftance o, that is ^t its 
tranfnliffion through tne ,firft refradling Surface. 
All which is the thing I would prove. 

What kind of acfion or difpofition this is; 
> Whether it conlifts in a circulating or a vibm- 
ting motion of the Ray, or of the Medium, or 
fomething elfe, I do not here enquire. Thofe 
that. are averfe from alTenting to any new Dif- 
coveries, but fuclt as they can explain by an Hy- 
pothefis, may for the prefent fuppofe, that as 
Stones by falling upon Water put the Wate;* in- 
'to an undulating Motion, and all Bodies by 
percuihon excite "vibrations in the Air; fo the 
Rays of Light, by impinging on any refradling 
or rcfleding Surface , excite vibratigns in the 

• refrading or refle(lfirig Medium or Subftance, 

• and by exciting, them agitate the folid parts of 
the refrad:ing or. refledling Body, and by agita- 
ting them caufe the. Body to grow warm or 
hot J that the vibrations thus excited arc pro- 
pagated in the refrading or rcfledling Medium 
or Subllance, much aficr the manner that vibra- 
tions are propagated in the -Air for caufiiig 
Sound, and move faifer than the Rays fo as to 
overtake themj and that when any Ray is m 

^ that part of" the vibration which confpires with 
its Motion, it eafily breaks* through a refrading 
Surface, but?v/hen-it is in the contrary part of 
the vibrtition which impedes its Motion, it is 
eafily refiedcd 3 and, by confequence, . that c- 
very Ray is fucccflively difpofcd to be. eafily re- 
flected, or eaiily tranfinitted, by every vibration 

which 
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which overtakes it. But whether this Hyposhe- 
;fis be true or falfe 1 do not here confider. I con- 
tent .my felf with the bare Difcovery, that the 
Rays of Light are- by fonte caufe or other -aker- 
.nately difpofed to be reflected or refraded for 
many viciffitudes. • 

D*E F I N I T I 0,N. 

'[the returns of the difpofition of any Rdy to bd 
. rejieSied 1 will call its Fits of eafy Reflexion, 
and thofe of its difpofition to be tranfmitted iti 
Fits of eafy Tranfmiffion, and the [pace it 
pafes between every return md* the next re^ 
turn, the Interval of Its Fits. 

Prop. XIII. 

I'he reafon* why the SurfaGes of all thick trajif- ^ 

parent Bodies refeB part of the Light i?ici-- 

. . dent on thetn, and refraSf the refi , is, that 

fome Rays at their Incidence are in Fits of eafy 

Reflexion, and others ift Fits ' of' eafy '■Tranf- 

mtjfon, 

np HIS may be gather 'd from the 24th Ob- 
' -^ ■ fervation , where the Light refieded by 
thin Plates of Air and Qlafs, which to the naked* 
Eye appear'd evenly white all over the Plate, did . 
• through a Prifm appear waved with many $uc- . 
ceffions of Light and Darknefs made by alter- 
nate Fits ,of eafy Reflexion and eafy iTranfmiffi- 
on, the Prifm fevering and diftinguifliing the 
Waves of which the white refledted Light was 
compofed, as was explain'd above; 

And 
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And hence Light is in Fits of eafy Reflexion 
and eafy Tranfmiffion, before its Incidence on 
tranfparent Bodies. " And probably it is put in- 
to fuch Fits at its firll emiffion from himinous 
Bodies, and continues in them during all its pro- 
grefs. For thefe Fits are of a lafting nature, as 
will appear by the next part of this Book. 

In this Proportion I fuppofe the tranfparent 
Bodies to be thick j becaufeif the thicknefs of 
the Body be much lefs than the Interval of the 
Fits of eafy Reflexion and Tranfmiffion of the 
Rays, the Body lofeth its refieding power. For 
if the Rays, which at their entering into the 
Body are put into Fits of eafy Tranfmiffion, ar- 
rive at the farthefl; Surface of the Body before 
they be out of thofeFits, they mull be traniinit- 
ted. And this is the reafon why Bubbles of 
Water lofe their refleding power when they 
grow very thinj and why all opake Bodies, when 
reduced into very fmall parts, become 'tranfpa- 
rent. 

Prop. XIV.- 

^ithofe Surfaces of tranfparent Bodies, ivmcb if the 
Ray he in a Fit of ^RefraBicn do refral^ it moft 
Jiro7tgly, if the Ray be tn a Fit of Refcxion da 
refeB it moft eaftly. 

FO R we (hewed above, in Prop, 8. that the 
caufe of Reflexion is not the impinging^ of 
Light on the folid impervious parts of Bodies, 
but fome other power by which thofe folid 
parts ad on Light at a diilance. We fliewed 
aifo in Prop. o. that Bodies reflea and refraft 
. S . Light 
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Light by one and the fame power, varloiilly ex- 
ercifed in various circumftances; and in Prop. i. 
that the moft ftrongly refrading Surfaces refled: 
the moft. Light: All which compared together 
evince and ratify both this and the lafl Propo- 
licion. 

Fro p. XV. 

In any one and the fame fort of Rays, emerging ht 
any Angle out of any refraSiing Surface into -one 
and the fame Medium^ the Interval of the fol- 
lowing Fits of eafy Reflexion and Tranfmifjion 
are either accurately or very nearly ^ as the ReB- 
angle of the Secant of the Angle of RefraBion^ 
and of the Secafit of ajiother Angle^ whofe Sine 
is the firft of 106 arithmetical mean Proporti- 
onals, between the Si?ies of Incidence and Refra- 
Bion, counted from the Sine of RefraBion. 

^ H IS is manifefl by the 7th and 19th Obfer- 
"*- vations. 
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Prop. XVL 

'Bi feveral forts of Rays emerging in equal Angles 
out of any refraBing Surface into the Jame Me- 
dium, the Intervals of the filhwing Fits of mfy 
Refexion and eafy T^ranfmiffon are either accu- 
rately^ or very nearly^ as the Cuhe-RoOts of ^ the 

' Squares of the lengths of a Chord, which found 

\ihe Notes in an Eight, fol^ la, fa, fol, la^ mi, 

fa, foi, with all their imtermediate deg?^ees^ an^ 

fwering to tU Colours of thofe.Rays, according to 

■ the Analogy defcribed in the feventh Experiment 
of the feco72d Part of thefirfi Booh 

TH I S is tnanifeft by the 13th and Hth Ob- 
fervations. 

Prop. X VIL 

If Rays of any fort pafs perpendicularly into fede- 
ral Mediums, the intervals of the Fits cf fqjy 
Reflexion and Uranfmijflon in any one Mediunt^^ 
are to thofe Intervals in any other, as the Stne of 
Incidence to the Sine of RefraBioji, when the 
Rays pafi out of the firfi of thofe two Mediums 
into tide fecondi . 

^HIS is manifeil: by the .loth Obfem« 
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Prop. XVIII. 

Jf the Rays which paint the Colour in the Confine 
of yellow and orange pafs perpendicularly out of 
any Medium into Air^ the Intervals,of their Fits 

of eafy Refiexion are the r-^ — th part of an Inch, 

And of the fame length are the Inters ah of their 
Fits of eafy T'ranfmiJJion. 

np H I S is manifefl by the 6th Obfervation. 
-*- ' From thefe Propolitions it is eafy to col- 
led; the Intervals of the Fits of eafy Reflexion 
and eafy Tranfmiffion of any fort of Rays refra- 
d:ed in any Angle into any Medium ; and thence 
to know, whether the Rays Ihall be refleded or 
tranfmitted at their fiibfequent Incidence upon 
any other pellucid Medium. Which thing, be- 
ing ufeful for underilanding the next' part of this 
Book, was here to be fet down. And for the 
fame reafcn I add the two following Propofi- 
tions. 
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Prop. XIX. 

Jf any fort of Rays falling on the poUte Surface 
of any pellucid Medium be refeBed backy the Fits 
of eafy Refexion^ which they have at the point of 
Refexion, fiall Jlill continue to return ; and the 
Returns fball he at dijhmces from the point of 
Reflexion in the arithmetical progrejjion of the 
Numbers 2, 4, 6, 8, 10, 12, &c. and between 
thefe Fits the Rays pall be in Fits of eafy "Tranf 
mijjion. 

ID O R fmce die Fits of eafy Reflexion and 
-■- eafy Tranfiniilion are of a returning na- 
ture, there is no realbn why thefc Fit?, which 
continued till tl"ie Ray arrived at the refieding 
Medium, and there incHned the Ray to Retic- 
xion, Ihould there ceafe. And if the Ray at the 
point of Reflexion was in a Fit of eafy Reflexion, 
the progreffion of the dijftanccs of thefe Fits 
from chat point miift begin from o, and fo be of 
the Numbers o, 2, 4, 6, 8, &c. And therefore 
the progreffion of the diifances of the interme- 
diate Fits of eafy Tranfmiffion, reckon'd from 
the fame point, mull be in the progreffion of 
the odd Numbers i, 3, 5, 7, -9, ^c. contrary 
to what happens when the Fits are propagated 
from points of Refradion. 
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Prop. XX. 

JIjc Intcroah of the Fits cf ^afy. Reflexion ani 
eafy T^ranfmlflhn , propagated from pomts of 
Reflexion' into any Medium, are equal to the 
Intcrvah of the like Fits, which the fame Rays 
. would have, if re framed into the fame Medium 
in Angles of Refraciion equal to their Angles of 
Reflexion, 

F' O R when Light is refleded by the fecond 
Surface of thin Plates, it goes out after- 
wards freely at the firft Surface to make the 
Rings of Colours which appear by Reflexion j 
and," by the freedom of its egrefs, makes the 
Colours of thefe Rings more vivid and ftrong 
than thofe which appear on the other fide of 
the Plates by the tranfmitted Light. The re- 
fkcled Rays are therefore in Fits of eafy Tranl- 
miffion at their egrefs; which would not always 
happen, if the Intervals of t}ie Fits within the 
Plate after Reflexion were not equal, both in 
length and number, to their Intervals before it, 
And this confirms alfo the proportions fet down 
in the former Propofition. For if the Rays 
both in going in and out at the firft Surface be 
in Fits of eafy TranfmiiTion, and the Intervals 
and Numbers of thofe Fits between the firfl 
and fecond Surface, before and after Reflexion, 
be equal, the diftances of the Fits of eafy 
Traniiniffion from either Surface, mufl be in 
the fame progreffion after Reflexion as before ; 
that is, from the firfl Surface which tranfmit-- 
ted them, in the progi'eflion of the even Num- 

■ ^ bers 
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t>ers o, 2, 4, 6, 8, &c. and from the fecond 
which refledcd them, in that of the odd Num- 
bers I, 3, 5, 7, &c. But thefe two Propofi- 
tions will become mtich more evident W the 
Obfervations in the following part of this 
Book, 
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PART IV. 



Ohfervations concerning the Reflexions, and 
Colours of thick tranf parent polifljd 

Platzs. 



^glg^^gH E R E is no Glafs or Speculum how 
well foever polifhedjbutj beiides the 
Light which it refracts or reflects re- 
gularly, fcatters every way irregularly 
a faint Light, by means of which the 



polifh'd Surface, when illuminated in a dark roorrn 

by 



BOOK n. 265 

by a beam of the Sun's Light, may be eafily feen 
in all pofitions of the Eye. There are certain 
Pha^nomena' of this fcatter'd Light, which when 
I firfl obferved them, fcem'd very ftrange and 
furprizing to me. My Obfervations were as fol- 
lows. 

Obf. I. The Sun finning into ray darkened 
Chamber through a hole one third of an Inch 
wide, I let the intromitted beam of Light fall 
perpendicularly upon a Glafs Speculum ground 
concave on one lide and convex on the other, 
to a Sphere of iive Feet and eleven Inches Ra- 
<lius, and Quick-filver'd over on the convex 
jide. And holding a Vvdiite opake Chart, or a 
Quire of Paper at the center of the Spheres to 
which the Speculum was ground, that is, at the 
diftance of about five Feet and eleven Inches 
from the Speculum, in fuch manner, that the 
beam ©f Light might pafs through a little hole 
made in the middle of the Chart to the Specu- 
lum, and thence be refledied back to the fam^e 
hole : I obferved upon the Chart four or five 
concentric Irifes or Rings of Colours, like Rain- 
bows, encompafling the hole much after the 
manner that thofe, which in the fourth and fol- 
lowing Obfervations of the firfi; part of this third 
Book appear'd between the Objed-glailes, en*- 
compafled the black Spot, but yet larger and 
fainter than thofe. - Thefe Rings as they grew 
larger and larger became diluter .and fainter, fo 
that the fifth was fcarce vifible. Yet fome- 
times, when the Sun fhone very clear, there 
appear'd faint Lineaments of a fixth and fe^ 
yejith. If the diflanc? of the' Chart from the 

Specu- 
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Speculum was much greater or much lels than 
that of fix Feet, the Rings became dilute and 
vanifii'd. And if the diftance of the Speculum 
from the Window was much greater than that 
of fix Feet, the reflecfted beam of Light would 
be fo broad at the diftance of fix Feet from the 
Speculum where the Rings appear'.d, as to ob- 
fcure one or two of the innermoft Rings. And 
therefore I ufually placed the Speculum at a- 
bout fix Feet from the Window ; fo that its 
Focus might there fall in with the center of its 
concavity at the Rings upon the Chart. And 
this Poflure is always to be underftood in the 
following Obfervations where no other is ex- 
prefs'd. 

Objl 2. The Colours of tliefe Rain-bows Suc- 
ceeded one another from the center outwards, 
in the fame form and order with thofe which 
were made in the iiinth Obfervation of the iiril 
Part of this Book by Light not refleded, but 
tranfmitted through the two' 0bje6:-glafres. For, 
firft, there was in their common center a white 
round Spot of faint Light, fomething broader 
than the refleded beam of Light, which beam 
fometjmes fell upon the middle of the Spot, and 
fometimes by a little inclination of the Specu- 
lum receded from the middle, and left the Spot 
white to the center. 

This white Spot was immediately encompaf- 
fed with a dark grey or ruffet, and that dark grey 
with the Colours of the firft Iris; which Colours 
;Gn the infide next the dark grey were a little 
violet and indigo, and next to that a blue, which 
on the outfide grew pale, and then fucceeded a 

little 
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little greenlfh yellow, and after that a brighter 
yellow, and then on the outward edge of the 
Iris a red which on the outfide inclined to pur- 
ple. 

This Iris was immediately encompaiTed with a 
iecond, whofe Colours were in order from the in-: 
iide outwards, purple, blue, green,, yellow, light 
red, a red mix'd with purple. 

Then immediately follow'd the Colours of the 
third Iris, which were in order outwards a green 
inclining to purple, a good green, and a red more 
bright than that of the former Iris- 

The fourth and fifth Iris feem'd of a bluifh 
green within, and red without, but fo faintly 
that it was difficult to difcern the Colours. 

Obf. 3, Meafuring the Diameters of thefe 
Rings upon the Chart -as accurately as I cduldj 
I found them alfo in the fame proportion to 
ond another with the Rings made by Light trani-^ 
mitted through the t\^^o Objea-graiies. For 
the Diameters of the four firfl: of the bright 
Rings meafured between the brightefl parts of 
their Orbits, a.t the diftance of fix Feet from the 
Speculum Were 1^4, 2t, 2fi-, 3^ Inches, whofe 
Squares are in arithmetical progrellion of the- 
numbers r; 2, 3, 4. If the. white circular Spot 
in the middle be reckoned amongft the Rings,' 
and its central Lightj where it feems to be mqii 
luminous,; be put equipollent to an infinitely 
little Rifig-; the Squai::es of the Diameters of the 
Rings will be in the progreffion o, i, 2, 3, 4, 
&c. I meafured alfo the Diameters "of the dark 
Circles. between thefe luminous ones, and found 
their Squares .in the progreffion oi the num- 
- . bers 
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bers 4-, i-, 2;, 3I, &c, the Diameters of the 
firft four at the diilance of fix Feet from the 
Speculum, being i^, 27V, 2?, 3tt Inches. If 
the diftance of the Chart from the Speculum 
was increafed or diminifhed, the Diameters of 
the Circles were increafed or diminifhed pro- 
portionally. 

Obf. 4r' By the analogy between thefe Rings 
and thofe defcribed in the Obfervations of the 
firft Part of this Book , I fufped:ed that there 
were many more of- them which fpread into 
one another, and by interfering mix'd their Co- 
lours, and diluted one another fo that they could 
not be {t^n apart. I viewed them therefore 
through a Prifm, as I did thofe in the 24th Ob- 
fervation of the iirft Part of this Book. And 
when the Prifm was fo placed as by refrading 
the Light of their mix'd Colours to feparate 
them, and difcinguilh the Rings from one ano- 
ther^ as it.did thofe in that Obiervation, I could 
then fee them difiiinder than before, and ealily 
number eight or nine of them, and fometimes 
twelve or thirteen. And had not their Light 
been fo very faint, I queftion not but that I might 
have feen many more. 

Obf. 5. Placing a Prifm at the Window to re- 
fra<a the intromitted beam of Light, and caft 
the oblong Spedrum of Colours on the Specu- 
lum : I covered the Speculum with a black Pa- 
per which had in the middle of it a hole to let 
any one of the Colours pafs through to the Spe- 
culum, whilft the reft were intercepted by 
the Paper. And now I found Rings of that Co- 
lour only which fell upon, the Speculum. If 

the 
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the Speculum was illuminated with red, the 
Rings were totally red with dark Intervals, if 
with blue they were totally blue, and £0 of the 
other Coloufs. And when they were illumi* 
nated with any one Colour, the Squares of their 
Diameters meafured between their moil lumi- 
nous Parts, were in the arithmetical Progreffion 
of the Numbers, o, i, 2, 3, 4, and the Squares 
of the Diameters of their dark Intervals in the 
Progreffion of the intermediate Numbers y, 1t, 
2f, 3^. But if the Colour was varied, they va- 
ried their Magnitude. In the red they were lar- 
geft, in the indigo and violet leaft, and in the 
intermediate Colours yellow, green, and blue, 
they were of feveral intermediate Bigneffes an- 
fwering to the Colour, that is, greater in yel- 
low than in green, and greater in green than in 
blue. And hence I knew, that when the Spe- 
culum was illuminated v/lth white Light, the 
red and ye- low on the outfide of the Rings were 
produced by tljc Icail refrangible Rays, and the 
blue and violet by the moll: refrangible, and that 
the Colours of evrh Ring fprcad into the Co- 
lours of the- neighbouring Rings on either fide, 
after the manner explain'd in the firil and fe- 
cond Part of this Book, and by mixing diluted 
one another fo tliat they could not be diftin- 
guifh'd, unlefs near the Center where they were 
lead mix'd. For in this Obfervation I could 
fee the Rings more diftindlly, and to a greater 
Number than before, being able in the yellow 
Lig-ht to number eif^ht or nine of them, be- 
fides a iamt ihadow of a tenth. To fitisfy my 
felf how much the Colours of the feveral Rings 

fpread 
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fpfead into one another, I meafured the Dia- 
meters of the fecond and third Rings, and'found 
them when made by the Confine of the red and 
orange to be to the fame Diameters when made 
by the Confine of bkie and indigo, as 9 to 8^ 
or thereabouts. For it was hard to determine 
this Proportion accurately. Alfo the Circles 
made fucceffively by the red, yellow, and green, . 
difFer'd more from one another than thofe made ' 
fucceffively by the green, blue, and indigo. For , 
the Circle made by the violet was too dark to 
be feen. To carry on the Computation, let us 
therefore fuppofe that the Differences of the 
Diameters of the Circles made by the outmofl 
red, the Confine of red and orange, the Confine 
of orange and yellow, the Confine of yellow 
and green, the Confine of green and blue, the 
Confine of blue and indigo, the Confine of in- 
digo and violet, and outmoft violet, are in pro- 
portion as the Differences of the Lengths of a 
Monochord which found the Tones in an Eight 5 
fol, la^ fa^ JhJy la^ miy fa^ fol^ that is, as the 
lumbers i, -rV, tV, tV, tt, ^ -hy -rr- And if the 
Diameter of the Circle made by the Confine of 
red and orange be 9 A, and that of the Circle 
made by the Confine of blue and indigo be 8 A 
as above ; their difference 9 A — 8 A will be 
to the difference of the Diameters of the Cir- 
cles made by the outmoft red, and by the Con- 
fine of red and orange, as tV 4- -h 4- tV 4- ^ to |, 
that is as v^ to \^ or 8 to 3, and to the diffe- 
rence of the Circles made by the outmofl vio- 
let, and by the Confine of blue and indigo, as 
rs 4- TT 4- IT 4- vT to T7 4- iV, that is, as /- to /t* 
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or as 1 6 to 5. And therefore theie dilFerences 
will be g A ilnd ^ A. Add the firft to 9 A and 
fubdud: the laft from 8 A, and you will have the 
Diameters of -the Circles made by the kail: and 

mbft refrangible Rays '«- A and -^ A. Thefe di-r 

ameters are therefore to one another as 75 to 
6i|or5oto 41, and their Squares as 2500 to 
168 1, that is, as 3 to 2 very nearly. Which 
proportion diifers not much from the proportion 
of the Diameters of the Circles -made by the 
outmoft red and outmoil violet, in the 13 th Ob- 
fervation of the firll part of this Book. 

Ohf.6. Placing my Eye where thefe RJngs 
appear'd plainell, I law the Speculum tinged all 
over vnx\i Waves of Colours, (red, yellow, green, 
blue;) Krv. thofe which in the Obfervations of 
the tiiit part of this Book appeared between 
the Objed-glaifes, and upon Bubbles of Water, 
but m.ucli larger- And after the manner of thofe, 
they were of various m.agrarudes in various Po- 
rtions of the Eye, fweliing and fnrinking as I 
moved my Eye this way and that way. They 
were formed' like Arcs of concentrick Circles, as 
thofe werej and when my Eye was over againil 
the center of the concavity of the Speculum, (that 
is, 5 Feet and iq Inches diftant from the Specu- 
kim,) their common center was in a right Line 
with that center of concavity, and with the 
hole in the Window. But in other poilures of 
my Eye their center had other politions. They 
appear'd by the Light of the Clouds propagated 
to the Speculum through the hole in the \Vin- 
dowj and v/hen the Sun ihone through that 

2 hole 
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hole upon the Speculum, his Light upon it was^ 
of the Colour of the Ring whereon, it fell, but by 
its fplendor obfcurea the Rings made by the Light 
of the Clouds, unlefs when the Speculum was 
removed to a great diftance from the Window> 
fo that his Light upon it might be broad and faint. 
By varying the polition of my Eye, and moving 
it nearer to or farther from the dired beam of the 
Sun's Light, the Colour of the Sun's reflected 
Light conftantly varied upon the Speculum, as it 
did upon my Eye, the fame Colour always ap- 
pearing to a By-ftander upon my Eye which to 
me appear'd upon the Speculum. And thence I 
knew that the Rings of Colours upon the phart 
were made by thefe reflecfted Colours, propagated 
thither from the Speculum in feveral Angles, and 
that their production depended not upon the ter- 
mination of Light and Shadow. 

Obf. 7. By the Analogy of all thefe Phseno- 
mena with thofe of the like Rings of Colours 
defcribed in the frit part of this Book, it feem- 
ed to me that thefe Colours were produced by 
this thick Plate of Glafs, much after the manner 
that thofe were produced by very thin Plates, 
For, upon trial, I found that if the Quick-fil- 
ver were rubb'd oif from the backfide of the 
Speculum, the Glafs alone would caufe the 
fame Rings of Colours, but much more faint 
than before j and therefore the Phenomenon 
depends not upon the Quick-lilver, unlefs fo far 
as the Quick-filver by increaling the Reflexion 
of the backfide of the Glafs increafes the Light 
of the Rings of Colours. I found alfo that a 
Speculum of Metal without Glafs made fome 

Years 
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Years fince for optical ufes, and very well 
wrought, produced none of thofe Rings j and 
thence I und^rftood that thefc Rings arife not 
From one fpeciilar Surface alone, but depend 

. upon the two Surfaces of the Plate df -Glafs 
whereof tlie Speculum was made, and upon the 
thicknefs of the Glafs between them* For 
as in the 7th and ipthObfervations of the firft 
part of this Book a thin Plate of Air, Water, 
or Glafi of an even thicknefs appeared of one 
Colour when the Raj^s were perpendicular to 
it, of another when they were a little oblique, 

^ of another when more oblique, of another when 
fiili more oblique, and fo on; fo here, in the 
fixth Obfervation, the Light which emerged 
out of the Glafs in feveral Obliquities, made the 
Glafs appear of feveral Colours, and being pro- 
pagated in thofe Obliquities to the Chart, there 
painted Rings of thofe Colours. And as the 
reafon why a thin Plate appeared of feveral Co- 
lours in feveral Obliquities of the Rays, was, 
that the Rays of one, and the lame fort are re- 
fledted by the thin Plate at one obliquity and 
tranfmitted at another, and thofe of other forts . 
tranfmitted where thefe are reficaed; and re- 
fieded where thefe are tranfmitted : So the 
reafon why the thick Plate of Glafs whereof 
the Speculum was fnade did appear of various 
Colours in various Obliquities, and in thofe 
Obliquities propagated thofe Colours to the 
Chart, was, that the Rays of one and the 
fame fort did at one Obliquity emerge out 
of the Glafs, at another did not emerge, but 
were refleaed back towards the Qmck-filver 

T by 
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• by the hither Surface of the Glafs, and according- 
ly as the Obliquity became greater, and greater, , 
emerged and were reflected .alternately for ma- 
ny Succeilionsj and that in one and the fame 
Obliq.uity the Rays of one fort wete. reflected, . 
and thofe of another tranfmitted. This is ma- 
n if eft by the fifth Obfervation of this part of this 
Book. For in tHat Obfervation, when the Spe- 
culum, was illuminated by any one ©f the prif- 
matick Colours, that Light made many Rings 
of the fame Colour upon the Chart with dark 
Intervals, and therefore at its emergence out of 
the Speculum was alternately tranfmitted and^- 
not tranfmitted from the Speculum to the Chajt 
for many Succefllons, according to the various 
Obliquities of its Emergence. And when the 
Colour caft on the Speculum by the Prifm was 
varied, the Rings became of the Colour call on 
it, and varied their bignefs with their Colour, 
and therefore the Light was now alternately 
tranfmitted and not t^ranfmitted from the Spe- 
culum to the Chart at other Obliquitiss than 
before. It feemed to me* therefore that thefe 
Rings were of one and the fame original with 

* thofe of thin Plates, but yet with this diiference^ 
that thofe of thin Plates are made by the alter- 
nate Reilexions and Tranfmiffions of the Rays 
at the fecond Surface of the Plate, after one paf- 
fage through Itj but here the Rays go twice 
through' the Plate before they are alternately re- 
ileded and tranfmitted. Firft, they go through 
it from the firft Surface to the Quick-lilver,, and 
then return through it from the Quick-filver 
to the' firft Surface, and there are either tranf- 
mitted 
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niitted to the Chatt or refleded back to the 
Quick-filver,-ae^ordirigly as they are in then- 
Fits of eafy Reflexion or Tranfmiffion when 
they arrive at that Surface. For the Intervals 
of the Fits of the ilays which fall perpfi^icu- 
larly on the Speoilun), and are refle*<fo back 
in^ the fame perpendicular Lines, by reafon of 
the equality of thefe Angles and Lines,- are :6£ 
the fame length and number v^ithin the Glaife 
after Reflexion as before, by the 19th Propofi- 
tion of the third part of this Book. And there- 
fore iince all the Rays that enter through :thd 
lirfl: Surface are in their Fits of eafy Tranfmif- 
fion at their entrance, and as many of thefe as 
are reflected by the fecond are in their Fits of 
eafy Reflexion there, all thefe muft be again, in 
their Fits of eafy Ti^anfmiffiori at their return 
to the. firft, and by confequence there 'go out 
of the Glafs to the Chart, and form upon it the 
white Spot of Light in the center of the Rings. 
For the reafon holds good in all forts of Rays, 
and tfterefore all forts mull go out promifcu- 
oully to that Spot, and by their mixture caufe 
it to be white. But the Intervals of the Fits of 
thofe Rays which are refieded more obliquely 
than they enter, muft be greater after Reflexion 
than before, by the 15th and 20th Propofltions. 
And thence it may happen that the Rays at their 
return to the firfl: Surface, may in certain Ob- 
liquities be in Fits of eafy Reftexiop, and return 
back to the Quick-filver, and in other interme- 
diate Obliquities be again in Fits of eafy Tranf- 
miffion, and fo go out to the Chart, aiid paint 
on it the Rings of Colours about the white Spot. 

T 2 And 
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And becaufe the Intervals of the Fits at equal 
obliquities are greater and fewer in the 'lefs re- 
frangible Rays, and lefs and more "numerous in 
the more refrangible, therefore the kfs refrangi- 
ble at equal obliquities fliall^Tiake fewer Rings 
than tl^ more refrangible, and the Rings made 
by thofc fhall be larger than the lil^e number of 
Rings made by thefe ; that , is, the red Rings 
ihall be larger than the yellow, the yellow than 
the green, the green than the blue, and the blue 
than the violet, as they were really found to be 
in the fifth Obfervation. And tlierefore the firft 
Ring of all Colours encompaiiing the white 
Spot of Light fhall be red without any violet 
within, and yellow, and green, and blue in the 
middle, as it was found in the fecond Obferva- 
tion J and thefe Colours in 'the fecond Ring, and 
thofe that follow, fliall be more expanded, till 
they fpread into one another, and blend one an- 
other by interfering. 

Thefe feem to be the reafons of thefe Rings 
in general j and this put me upon obferving the 
thicknefs of the Glafs, and confidering whether 
the dimeniions and proportions of the Rings n]ay 
be truly derived from it by computation. 

Obf. 8. I meafured therefore the thicknefs of 
this concavo-convex Plate of Glafs, and found it 
every where \ of an Inch precifely. Now, by 
the fixth Obfervation of the firft P^rt of this 
Book, a thin Plate of Air tranfmits the brighteft 
JLight of the firft Ring, that is, the bright yel- 
low^ wlien its thicknefs is the ^^^ th part of an 

Inch J and by the tenth Obfen^ation of the fame 

Part, 
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Part, a.thin Plate of Glafs rranfmits the fame 
Light of the fame Ring, when Its thtcknefs is 
lels in proportion of the Sine of Refmaion to 
rhe Sine of Incidence, that is, v/hen its thick- 

nefs is the --ii— th or -~ th part ofaiilach, 

fuppofing the Sines are as 1 1 10 ly. And if this 
thicknefs be doubled, it tranfmits the fame bright 
Light of thefeeond Ring j if trippled, it tranf- 
mits that of the third, and fo on; the bright 
yellow Light in all thefe cafes being in its Fits 
of Tranfmiffion. And therefore if its thicknefs 
be multiplied 34386 times, fo as to become J of 
an Inch, it tranfmits the fame bright Light of 
the 34386th Ring. Suppofe this be the bright 
yellow Light tranfmitted perpendicularly from 
the refleding convex fide of the Glafs through 
th§ concave fide to the white Spot in the cen- ^ 
terof the Rings of Colours on the Chart: And 
by a Rule in the 7th and 19th Obfervations in 
the firft Part of this Book, and by the 15 th and 
20th Propofitions of the third Part of this Boole, 
if the Rays be made oblique to the Glafs, 'the 
thicknefs t)f the Glafs requifite to tranfmit the* 
famebright Light of the fame Ring in any ob- 
liquity, is to this thicknefs of J of an Inch, as th^ 
Secant *of a certain Angle to the Radius, the 
Sine of which Angle is the iirft of. an hundred 
and fix arithmetical Means between the Sines 
of Incidence and Refradion, counted from the 
Sine of Incidence when the Refradion is made^ 
out of any plated Body into any Medium en-- 
compafTmg it J that is, in this cafe, out of Glafs 
into Air. Now if the thicknefs of the Glafs be 

T 3 ■ increafed 
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increafed by degrees, fo as to bear tQ its firft 
thicknefs, (viz, that of a quarter of an Inch, ) 
the Proportions which 34386 (the nuipber of 
Fits of the perpendicular Rays in going through 
the Glafs towards the white Spot in the center 
of the Rings,) hath to 34385, 34384, 34383, and 
34382, (the numbers of the Fits of the oblique 
Rays in going through the Glafs towards the 
firfl, fecond, third, and fourth Rings of Co4- ■ 
lours,) and if the firft thicknefs be divided in- 
to jGObooooo equal parts, the increafed thick* 
nefo will be 100002908, 1000058 16, 100008725, 
and 1.00011633, and the Angles of which theie 
tliickuQlles are Secants will be 26' 13", 37^5% 
45' 6", and52'26f\ the Radius being loooooooo; 
and the Sines of thefc Ajiglcs are 762, 1079, 
1 32.1, and 1525, and the proportional Sines , of 
Refmdaon 1 172, 1659, 203 1, and 2345, the Ra- 
*dius being 1 00000^ For fince the Sines of In- 
cidence out of Glafs into Air are to the Sines 
of Re|rad:ion as n tp 17, and to the above- 
mentioned Secants as 1 1 to thefirft of 106 arith- 
metical Means between II and 17, that is, as 

II to II — p, thofe Secants will be' to the.Sines 

of Refraction as 1 1 j^ to 17, and by this Ana- 
logy will give thefe Sines. So then, if the ob- 
liquities of the Rays to the concave Surface of 
the Glafs be fuch that the Sines of their Refra- 
d;ion in 'paffing out of the Glafs through that 
Surface into the Air be 1 172, 1659, 2031, 2345, 
the bright Light of the. 343 86th Ring fhalle- 
merge at the thicknefles of die Glafs, which are 

2 to 
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toj of aninch as 34386 to 3438c, 34384, 34383, 
34382, refpedively. And iheretbre, if thethick- 
•nefs in.all thetc Cafes be I of an Inch (as it is iu 
the Glafs of which the Speculum was made) 
the bright Light of the 34385th Ring fhall c- 
merge where the Sine of Refra(5tion is 1 r^Sj 
^hd that of the 34384i:h, 34383th, and 34382th 
Ring where the Sine is 1O59, 2031, aiui 2345 
^refpc&:ively. And in thefc Angles of Refra- 
'^idn the Light of tliefe Rings {hail be propaga- 
ted from the Speculum to the Chart, and tliere 
^^mt Rings about the wliitc central round Spot 
^f Light which we fiid was the Light of the 
'54386th Ring. And tiic Seniidinmetcrs of thefe 
jRings jfliall fubtend tlie Angles oF Refraction 
lii^de at the Concave-Surface of tl-e Specukim, 
and by confequcnce their Diameters Ihyil be to 
'the diftance of the Chart from the Speculum as 
thofe Sines of Refra<flion doubled are to the 
'Radius, that is, as 1 172, 1659, 203 r, and 2345, 
doubled are to 1 00000. And therctorc, if lUe 
diftance of the Chart from the Concave-Surfice 
df the Speculum be fix Feet ( us it was in the 
third of thefc Obfervations ) the Diameters of 
^the Rings of this brighfyellow Li<jht upon tlie 
*Ci>art fliali be i'688, 2*389, 2*925, V375 Inches: 
For thefe Diameters are to lix Feet, as the aboY©- 
Hiention*d Sines doubled are to the Radius. 
Now, thefe Diameters of the bright yellow 
Rings, thus found by Computation rae' the 
very fame with thofe found in the third of theic 
Gbfervations by meafuring them; viz-> with 
It5» 2 1, 2\i, and 3g Inches, and therefore tac 
Tiieory of deriving thcie Rings from tl^e tl>ick- 

T 4 ■ nC. 
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nefs of the Plate of Glafs of which the Specur 
lum was made, and from the Obliquity of: the 
emerging Rays agrees with the Obferyatipn. T |n 
this Computation I have equaUed the Diameter^ 
of the bright Rings made by Light of all Ccv 
lours, to the Diameters of the Rings made by 
the bright yellow. For this yellow p:iakes the 
brightfil: Part of the Rings of all Colours. -If 
you delire the Diameters of the Rings made by the 
Light of any other unmix'd Colour, you may 
find them.i'eadily by putting thern to the Diamer 
ters of th^ bright yellow ones in a fubduplicate 
Proportion of the Intervals of the Fits of the 
Rays of thofe Colours when equally inclined to 
the refrading or refiedting Surface which caufed 
thofe Fits, that is, by putting the Diameters qf 
the Rings made by the Rays in the; Extremities 
and Limits of the feven Colours, red, orange, 
yellow, green, blue, indigo, violet, proportio- 
nal to the Cube-roots of the NumberSj i, |, |, |, 
5> ^, T^s, 5> which exprefs the Lengths of a Monor 
chord founding the Notes in an ; Eighth : , For 
by this means the Diameters of :|:he Rings qf 
thefe Coioijrs will be found pretty nearly ip 
the fame Proportion . to one another, whicji 
they ought to have by the fifth of thefe Obferva-^ 
tions. 

And thus I fatisfy'd my felf, that thefe Rings 
were of the fame Kind and Original with thofe 
of thin Plates, and by confequence that the Fits 
pr dternate Difpofitions of the Rays to be 
refleded an4 tranfmitted are propagated to 
great diftances from every reflediing and re- 
fr^ating Surface. But yet to put the mat-. 

ter 
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ter out of doubt, I added the following Obf^r- 
vation. 

Obf. 9. If thefe Rings thus depend on xh& 
thicknefs of the Plate of Glafs, their Diameters 
at equal diftances from fev^ral Speculums made 
of fuch concavo-convex Plates of Glafs as are 
ground on the fame Sphere, ought to be recipro- 
cally in a fubduplicate Proportion of the thick- 
neifesof the Plates of Glafs. And if this Pro- 
. portion be found true by'expe^iencc it will amount 
to a'demonflration that thcie Rings (like thofe 
formed in thin Plates) do depend on tiie thick-, 
nefs of the Glafs. I procured .thei-efbre ano- 
ther concavo-convex Plate of GMs ground on 
' both fides to the fame Sphere with the former 
Plate. Its thicknefs* w^as j^ Parts of an Inch ; 
and the Diameters of the three iirft bright Rings 
meafured between the brighteft Parts of their 
Orbits at .the diflance of fix Feet from the 
Glafs were 3. 4^-. 5^. Inches. Now, the thick- 
nefs of the other Glafs being \ of an Inch was 
to the thicknefs of this "Glafs as i to 4 that is 
as 3 1 to 10, or 310000000 to 1 00000000, and 
theRoots of thefe Numbers are 17607 and loooo, 
and in the Proportion of the firft of thefe Roots 
to the fecond are the Diameters of the bright 
Rings made in this Obfervation by the thinner 
Glafs, 3.44.51, to the Diameters of the fame 
Rings made in the third of thefe Obfervations 
by the thicker Glafs i;f 2 1, afi, that is, the Dia- 
meters of the Rings are reciprocally in a fubdu- 
plicate Proportion of the thickneffcs of the Plates 
'pf Glafs. 

, I So . 
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. S6 then in Plates of Gkfs which are alike 
concave on one fide, and alike convex on the 
other fide', and alike quick-iilver'd on the con- 
vex fides, and differ in nothing but their thick-, 
nefs, the Diameters of the Rings arg reciprocally 
in a fubduplicate Proportion of the thickneffes of 
the Plates. And this fhevvs fufficiently that the 
Rings depend on both the Surfaces of the Glafs. 
They depend on the convex Surface, becaufe they 
are more luminous when that Surface is quick- 
fiiver.'d over than when it is without Quiek-li-lver. 
♦ They depend alfo upon.the concave Surface, be- 
caufe without that Surface a Speculum n>akes them 
not. They depend on both Surfaces, and on the 
diftances between them, becaufe their bignefs is* 
varjed by varying only that diftance. And this 
dependance is of the fame kind with that which 
the Colours of thin Plates have on the diftance 
of the Surfaces of thofe Plates, becaufe the big- 
nefs of the Rings, and their Propdrtiori to one 
another, and the variation of their bignefs ariiihg 
from the variation of tfe thicknefs of the Clafs, 
and the Orders of their Colours, is fdch as ought 
to refult from the Propofitions in the end of the 
third Part of this Book, derived from the Phseno- 
mena of the Colours of thin Plates fet 'down 4n 
the firfl Part. 

There are yet other Phenomena, of thefe Rings 
of Colours, but fach as follow from the fame 
Propofitions, a^id therefore confirm both the 
Truth of thofe Propofitions, and the Analogy be- 
tween thefe Rings and the Rings of : Colours 
made by very thin Plates. I fhall fubjoin fome 
of them. 

•. • Obf. 
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Obf. 10. When the beftm of the Sun*^ Light 
was reflcd:ed back from the Speculvm not di- 
redly to the hole in the Window, but to a. place 
a little diftant from it, the common center of 
that Spot, and of all the Rings of Colours fell 
in the middle 'way between the beam of the in- 
cident Light) and the beam of the reflcdled 
Light, and by confequence in the center of the 
fpherical concavity of the Speculum, whenever 
the Chart on which the Rings of Colours fell 
was placed.at that center. And as the beam of 
refleded Light by inclining the Speculum re- 
ceded more and more from the beam of inci- 
dent Light and from the common center of the 
colour'd Rings between them, thofe Rings grew 
bigger and bigger, and fo alfo did the white 
round Spot, and new Rings of Colours emer- 
ged fucceiiively out of their cominon 'center, 
and the white Spot became a white Ring'en- 
compaffing.them; and the incident and reflected 
beams of Light always fell upon the oppolTte 
parts of this white Ring, illuminating its Peri- 
meter like two mock Suns in the oppolite parts 
of an I*isi S5 then the Diameter of this Ring, 
meafured ffoni the middle of its Light on pne 
fide to the middle of its Light on the other fide, 
was always equal to the diflance between the 
middle of the incident Beam of Light, and the 
middle of the reflected beam meafured at the 
Chart on which the Rings appeared: And the 
Rays which form'd this Ring were refleded by 
the Speculum in Angles equal to their Angles of 
Incidence, and by confequence to their Angles 
of Refradion at their entrance into the Glafs, 

but 
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but yet their Angles of Reflexion were not in 
the fame .Planes with their Angles of Inci- 
dence. 

Obf. II. The Colours of the new Rings were 
in a contrary order to thofe of the former, and 
arofe after this manner. The white round Spot 
of Light in the middle of the Rings continued 
white to the center till the diftance of the inci- 
dent and refleaed beams at the Chart was about 
I parts of an Inch, and then it began to grow 
dark in the middle. And when that diftance was a- 
bout i.tV of an Inch, the white Spot was beconie 
a Ring encompaffing a dark round Spot which in 
the middle inclined to violet and indigo. And 
the luminous Rings encompaffing it were grown 
equal to thofe dark ones which in the four firfl 
Obfervations encompafled them, that is to fayi 
the white Spot was grown a white Ring equal to 
the.firfl of thofe dark Rings, and the firft of 
thofe luminous Rings was now grown equal to 
the fecond of thofe dark ones, and the fe^ 
cond of thofe luminous ones to the third of 
thoie dark ones, and fo on. For the Diameters 
of the luminous Rings were noy^* n^, 2tV, 2,*, 
3aV, 6fr. Inches. , . _; ' r: 

When the diftance between the incident and 
refleded beams of Light became a little big- 
ger, there en\erged out of the middle of the 
dark Spot after the indigo a blue, and then put 
of that blue a pale green, and foon after a yel- 
low and red. And when the Colour at the 
center was brighteft, being between yellow and 
red, the bright Rings were grown equal to thofe 
Rings which in the four firfl Obfervations next 
. encom- 
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encompaffcd them; that is to fay, the white 
Spot in the middle of thofe Rings was now be- 
come a white Ring equal to the firii: of' thofe 
bright Rings, and the firft of thofe bright ones 
was now become equal to the fecond of thofe, 
and fo on. For the Diameters of the white 
Ring, and of the other luminous. Rings encom- 
paffing it, were now i|^, 2^, 2i;, 31, ^c. or 
thereabouts. 

When 4:he diftance of the two beams of 
Light at the Chart was a little more increafed, 
there emerged ojut of the middle in order after 
the red, a purple, a blue, a green, a yellow, 
and a red inclining much to purple, and when 
the Colour was brighteft being between yellow 
and red, the former indigo, blue, green, yel- 
low and red, were become an Iris or Ring of 
Colours equal to the iirft of thofe luminous 
Rings which appeared in the four firft Obfer- 
vations, and the white Ring which was now 
become the fecond of the lyminous Rings was 
grown equal to the fecond of thofe, and the 
firft of thofe which was* now become the third 
Ring was become equal to the third of thofe, 
and fo on. For their Diameters ''we re i-M, 2I, 
2tt, 3 t Inches, the diftance of the two beams 
of Light, and the Diameter of the white Ring 
being 2t Inches. - 

When thefe two beams became more diftant 
there emerged out of the middle of the pur- 
plijQi -red, firfl: a darker round Spot, and then 
out of the middle of that Spot a brighter. And 
now the former Colours ( purple, blue, green, 
yellow, and purplilh red) were become a Ring 

egual 
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equaltothe firll of the bright Rings mentioned 
in the four firll -Obfervations, and the Rings 
about .this Ring were grown equal to the Aings 
about that refpedively.j the diftance between 
the two beams of Light and the Diameter of the 
white Ring ( which wa§ now become the third 
Ring) being abput 3 Inches. 

The Colours of the Rings in the middle be- 
gan now to grow very dilute, and if the di- 
llance between the two Beams was, increafed 
half an Inch, or an Inch more, they vanifh'd 
whilft the white Ring, with one 6r two of the 
Rings next it on either fide, continued itill vi- 
fible. But if the diftance of the two beams of 
Light was ftill more increafed , thefe alfo va-» 
niihed : For the Light which coming from fe- 
veral parts of the hole in the Window fell up- 
on the Speculum in feveral Angles of Incidence, 
made Rings of feveral bigneifes, which diluted 
and blotted out one another, as I knew by inter- 
cepting fome part 9f that Light. For i£ I in-^ 
tercepted that part which was netireft to the 
Axis of the Speculum the Rings would be lefs, 
if tht| other part which was remoteft from it 
they would be bigger. 

Oil/'. 12. When the Colours of the Prifm 
were caft fucceffively on. the Speculum, that 
Ring which in the two laft Obfervations was 
white, was of the fame bignefs in all the Co- 
lours, but the Rings without it were greater in 
the green than in the blue, and ftill greater in 
the yellow, .and greatefl in the red. And, on the 
contrary, the Rings within that white Circle 
were lefs in the green than in the blue, and ftill 

lefs 
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lefs in the yellow, aijd leail in the red. For the 
Angles of Reflexion of thofe*Rays which made 
this Ring., being equal to their Angles of Inci- 
dpnce, the Fits of every refle(5ted Ray within 
the Glafs after Reflexion are equal in length 
and number to the Fits of the fame Ray with- 
in the Glafs before its Incidence on the i^fled- 
ing Surface. And therefore fmce all the Rays 
of all #rts at their entrance into the Glafs were 
in a Fit of Txanfmiffion, they were alfo in a Fit 
of Tranfmiffion at their returning to the fame 
Surface after * Reflexion ; and by confequencS 
were tranfmitted, and went out to the white 
Ring on the Chart. This is the reafon why 
that Ring was of the fame bignefs m all the Co- 
lours, and why in a mixture of all *it appears 
white. But in Rays whith are refle(5led in o- 
ther Angles, the Intervals of the Fits of the 
leafl: refrangible being greateft, make the Rings 
of their Colour in their progrefs from this whit© 
Ring, either outwards or inv/ards, increafe or 
decreafe by the greateft ileps^ fo that the Rings 
of 'this Colour without are greateft, and within 
leaft. And this is the reafon why in the laft 
Obfervation, when the Speculum was illumina- 
ted with white Light; the ext(*rior -Rings made 
by all Colours appeared red without and blue 
within, and the interior blue without and red^ 
within. ' 

Thefe are the Pha?nomena of thick convexo- 
concave Plates of Glafs, which are every where 
of the fame thicknefs. There are yet other 
Phsenomena when tfiefe Plates are a little thick- 
er on one fide than on the other, and others 

' "^hen 
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when die Plates are more or lefs concate than 
convex, or plano-c5nvex, or double-convex. For 
in all thefe cafes the Plates make Rings of Co- 
lours, but after various manners ^ aE which,- fo 
far as I have yet obferved, follow from thePro- 
pofitions in the end of the third part of this 
Book, 'and fo confpire to confirm the truth of 
thofe Propofitions. But the Phsenomena are 
too various, and the Calculations wherry they 
follow from thofe .Propoliticjps tod intricate to 
be here profecuted. I content my felf with ha- 
ting profecuted this kind of Phaehomena fo far 
as to difcover their Caufe, and by difcovering 
it to ratify th^ Propofitions in the third Part of 
this Book. 

03/? 13. *As Light refleded by a Lens quick- 
lilver'd on the backfide makes the Rings of Co- 
lours above defcribed, fo it ought to make the 
like Rings of Colours in pafiing through a drop 
of Water. At the fir ft Reflexion of the Rays 
within the drop, fome Colours ought to be 
tranfmitted, as in the cafe of a Lens, and others 
to be refie<5ted back to the Eye. For inftance, 
if the Diameter of a fmall drop or globule of 
Water be about the 500th part of an Irfch, fo , 
that a red-makiiig Ray in* paffing through the 
middle of this globule has 250 Fits of eafy 
^ Tranfmiffion within -the globule, and that all 
the red-making Rays wiiich are at a certain di- 
ftance from this middle Ray round about it 
have 249 Fits within the globule, and all the 
like Rays at a certain farther .diftance round a- 
bout it have 248 Fits, and all thofe at a cer- 
tain farther diftance 247 Fits, and fo on; thefe 

concern- 
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concentrick Circles of Rays after their tranf- 
miffion, falling on a white Paper, will make 
concentrick Rings of- red upon the Paper, fup- 
pofing the Light which paiTes through one fm- 
gie globule, flrong enough to be fenfible. And, 
in like manner, the Rays of other ^Colours will 
make •Rings of other Colours. Suppbfe now 
that in a fair Day the Sun ihines through a thin 
Cloud of fuch globules of Water or 'Hail, and* 
that the globules are all of the fame bignefs; 
and the Sun feen through this Cloud Ihail ap- 
pear encompaffed with the like concentrick 
Rings of Colours, and the Diameter of the fir ft 
"Ring of red (hall be 7^. Degrees, that of the fe- 
cond 10 T Degrees, that of the third 12 Degrees 
33 Minutes. And accordingly as the Globules 
of Water are bigger or lefs, the Rings iliall be 
lefs or bigger. This is the Theory, and Expe- 
rience anfwers it. For in June 1692, I faw by 
reflexion in a VelTel of ffcagnating Water three 
Halos, Crowns, or Rings of Colours about the 
Sun, like three little Rain-bows, concentrick 
to his Body. The Colours of the firil: or in- 
nermoft Crown were blue next the Sun , red 
without, and white in the middle between the 
blue and red. Thofe of tlie fecond Crown 
wtve purple and blue within, and pale red with- 
out, and green' in the middle. And thofe of 
the third vv^ere pale blue within, and pale red 
without J thefe Crowns enclofed one another 
immediately , fo that their Colours proceeded 
in this continual order from the Sun outward: 
blue, white, redj purple, blue, green, pale 

U yellow 
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yellow and red ; pale blue, pale red. The Di- 
ameter of the fecond Crown meafured from 
the middle of the yellow a*nd red on one fide 
of the Sun, to the .middle of the fame Colour 
on the other fide was gr Degrees, or therea- 
bouts. The Diameters of the firft and third 
1 had not time to meafure, but that oT thS firft 
feemed to be about five or fix Degrees, and 
that of tlie third about twelve. The like 
Crowns appear fometimes about the Moon; 
for in the beginning of the Year 1664, Fei^r. 
19th at Night, I faw two fuch Crowns about 
her. The Diameter of the firft or innermoft 
was about three Degrees, and- that of the fe~' 
cond about five Degrees and an half Next a- 
bout the Moon was a Circle of white, and next 
about that the inner Crown, which was of a 
bluiih green within next the white, and of a 
yellow and red without, and next about thefe 
Colours w^ere blue and green on the infide of 
the outward Crown, and red on the outfide of 
it. At the lame time there appear'd a Halo a- 
bout 22 Degrees 35' diftant from the center of 
the Moon. It was elliptical, and its long Dia- 
meter was perpendicular to the Horizon, verg- 
ing below fartheft from the Moon. I am told 
that the Moon has fometimes three or more 
concentrick Crowns of Colours encompaifing 
one another next about her Body. The more 
ecpal -the globules of Water or Ice are to one 
another, the more Crowns of Colours will ap- 
pear, and the Colours will be the more lively. 
The Halo at the diftance of 22t Degrees from 

the 
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fhe Moon is of another fort. By its beitjg bvaj 
knd remoter from the Moon below than above, 
I conclude, that it was made by Refraiaion ill 
Tome fort of Hail or Snaw floating in the JUr, ia 
an horizontal pofture, the refrading Angle being 
about 58 or 60 Degrees. 
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PART I. 



Obfervatio7ts concerning the Inflexions of 
the Rays of Lights and the Colours 

made thereby. 

R I MA LDO has inform'd us, that 
if a beam of the Sun's Light be let in- 
to a dark- Room through a very fmall 
hole, '^he Shadows of things in this 
Light will be larger than they ought to be if 
the Rays went on by the Bodies in ftrait Lines, 

and 
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and that thefe Shadows have three^ parallel 
Fringes, Bands or Ranks of coloured 'Light ad- 
jacent to them. But if the Hole be enlarged 
the Fringes grow broad* and* run into one ano- 
ther, fo that they cannot be diflinguifli^. Thefe 
broad Shadows and Fringes have been reckoned 
byfome to proceed from the ordinary refra<5lion 
of the Air, out without due examination of the 
Matter. I^or the circumftances of the Phseno- 
menon, fo far as I have obferved them, are as 
follows. 

Obf. I. I made in a piece of Lead a fmall 
Hole with a Pin, whofe breadth was the 42d 
part of an Inch. For 21 of thofe Pins laid* to- 
gether took up the breadth of half an Inch. 
Through this Hole I let into my darken'd' 
Chamber a beam of the Sun's Light, and found 
that the Shadows of Hairs, Thred, Pins, Straws, 
and fuch like jQender S«bftances placed in this 
beam of Light, were .confiderably broader than 
they ought to be, if the Rays of Light paiTed 
on by thefe Bodies in right Lines. And parti- 
cularly a Hair of a Man's Head, whofe breadth 
was but the 280th part of an Inch, being held in* 
this Light, at the diftance of about twelve Feet 
from the Hole, did caft a Shadow which at the 
diftance of four Inches from the Hair was the 
fixtieth part of an Inch broad , ;hat is, above 
four times broader than the Hair, and at the di- 
ftance of two Feet from the Hair was about the 
eight and twentieth part of an Inch broad, that 
is, ten times broadef than the^Hair, and at the 
diftance of ten Feet was the eighth part of an 
Inch broad, that is % c times broader. ' 

•^^ y 3 Nor 
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Nt)r is it material whether the Hair be en«. 
compaffed with Air, or with any other pellucid 
Subftance. For i wetted a polifh'd Plate of 
Glafs, and laid the Hair *in the W^ter upon the' 
Glafs, an4 then laying another poliih'd Plate of 
Glafs upon it, fo that the Water might fill up 
the fpace between the Glaffes, I held them in 
the aforefaid beam of Light, fo that the Light 
might pafs through them perpendicularly, and 
the Shadow of the Hair was at the fame di- 
ftances as big as before. The Shadows of 
Scratches made- in polifli'd Plates of' Glafs were 
alfo much broader than they ought to be, and; 
the Veins in polifh'd Plates of Glafs did alfo eaft * 
the like broad Shadows. And therefore 'the 
great breadth of thefe Shadows proceeds from 
fome other caufe than the Refra(aion of the 
Air. 

Let the Circle X [i^ Fig. i.] reprefent the 
middle of the Hair j ADG, BEH, CFI, 
three Rays paffing by one fide of the Hair at 
feveral diftances; KNQ^LOR, MPS, three 
other Rays paffing by the other fide of the Hair 
at the like diftai^ces; D, E, F, and N, O, P, the 
places where the Rays are bent in their paA 
fage by the Hair j G, H, I, and Qjl, S, the 
places where the Rays fall on a Paper GQ^ 
I S the breadth of the Shadow of the Hair caft 
on the Paper,* and TI, VS, two Rays paffing 
to the Points I and S without bending whea 
the Hair is taken away. And it's manifeil that 
all the Light betweeii thefe^twp Rays TI and; 
V S is bent in paffing by the Hair, and turtied 
,^fide from the Shadow IS, becaufe if any part 

of 
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of this Light were not bent it would fall on the 
Paper within the Shadow, and there illuminate 
the Paper, contrary to experience. And becaufe 
when the Paper is at a great diftance from the 
Hair, the Shadow is broad, .and therefore the 
Rays TI and VS are at a great diftance from 
one another, it follows that the Hair a6ts upon 
the Rays of Light at a good diftance in their paB- 
fmg by it. But the A(5tion is ftrongeft oi].the 
Rays which pafs by at leaft' diftances, and 
grows weaker and weaker accordingly as the 
Rays pafs by at diftances greater and greater, as 
is reprefented in the Scheme : For thence it 
comes to pafs, that the Shadow of the Hair is 
much broader in proportion to the diftance of the 
Paper from the* Hair, when the Paper is nearer 
the Hair, than when it is at a great diftance 
from it. 

0/^2. The Shadows of all Bodies (Metals, 
Stones, Glafs, Wood, Horn, Ice, &c. ) in this 
Light were border'd with three Parallel Fringes 
or Bands of oolour'd Light, whereof that which 
was contiguous to the Shadow was broadeft 
and moft luminous, and that which was remo- 
teft from it was narroweft, and fo faint, as not 
eafily to be vifible. It was difficult to diftinguilh 
the Colours, unlefs when the Light fell very ob- 
liquely upon a fmooth Paper, or fome other 
fmooth white Body, fo as to make them appear 
much broader than they would otherwife do. 
And then the Colours were plainly vifible in 
this Order: The«firft or innermoft Fringe was 
violet and deep blue next the Shadow, and then 
light blue, green, and yellow m the middle, and 
• U 4 red 
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red without. The fecond Fringe was alm©ft 
contiguous to the firft, and the third to the fe- 
cond, and both were blue within, and yellow and 
red without, but their Colours were very faint, 
cfpecially thofe of, the third. The Colours thercT- 
fore proceeded in this order from the Shadow ; 
violet, indigo, pale blue, green, yellow, red ; 
blue, yellow, red j pale blue, pale yellow and 
red.. The Shadows made by Scratches and 
Bubbles in polifh'd Plates of Glafs were bor^ 
der'd with the like Prints of colour'd Light, 
And if Plates of Looking-glafs floop'd off near 
the edges with a Diamond-cut, be held in the 
fame beam of Light, the Light which pafles 
through the parallel Planes of the Glafs will be 
border'd with the like Fringes of* Colours where 
thofe Planes meet with the Diamond-cut, and 
by this means there will fometimes appear four 
or five Fringes of Colours. Let AB, CD [in 
Fig. 2..] reprefent the parallel Planes of a Look^ 
ing-glafs, and BD the Pkne pf the Diamond- 
cut, making at B a very obtufe Angle with the 
Plane AB. And let all the Light between the 
Rays EN I and FBM pafs directly through the 
parallel Planes of the Glafs, and fall upon the 
Paper between I and M, and all 'the Light be- 
tween the Rays GO and HD be refraded by 
the oblique Plane of the Diartiond^cut BD, 
and fall upon i the Paper between K and L; 
and the Light which palTes directly through the 
parallel Planes of the Glafs, and falls upon the 
Paper between I and M, will .be border'd with 
three ©r more Fringes at M, 

So 
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So by looking on the Sun through a Feather 
or black Ribband held clofe to the Eye, feveral 
Rain-bows will appear j the Shadows which the 
Fibres or Threds caft on the I'unica Retina^ 
being border'd with the IJke Fringes of Co- 
lours. 

Obf.i,. When the Hair was twelve Feet diftant 
from this Hole, and its Shadow fell obliquely 
upon a flat white Scale of Inches and Parts of an 
Inch placed half a*Foot beyond it, and alfo when 
the Shadow fell perpendicularly upon the fame 
, Scale placed nine Feet beyond it j I meafured the 
breadth of the Shadow and Fringes as accu- 
rately as I could, and found them in Parts of a|^ 
Inch as follows. 



The 
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At the Dijlance of 



The breadth of the Shadow 



llie breadth between the Middles 
of the brighteft l!ight of the in- 
nermofl Fringes on either fide 

the Shadow 

II .11 » .. . 

The breadth between the Middles 
of the brighteft Light of* the 
middlemoft Fringes on either 
fide the Shadow 



half a 
Foot 



TT 



?8 or A 



23^ 



The breadth between the Middles 
of the brighteft Light of the 
outmoft Fringes on either fide 
the Shadow 



Tz'^i 



The diftance between the Middles 
of the brighteft Light of the firft 
and fecond Fringes 



The diftance between the Middies 
of the brighteft Light of the fe- 
cond and third Fringes 



The breadth of the luminous Fart 
(green, white, yellow, and red) 
of the firft Fringe 



The breadth of the darker Space 
between the firft and fecond 
Fringes 



The breadth of the luminous Part 
of the fecond Fringe 



The breadth of the darker Space 
between the fecond and third 
Fringes • . 



Nine 
Feet 



■^ 



TT 



7T 



Thefe 
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Thefe Meafures I took by letting the Shadow 
of the Hair, , at half a Foot . diftance, ' fall £o ob- 
liquely on the Scale, as to appear twelve times 
broader than when it fell perpendicularly on it 
at the fame diftance, and fetting down in this 
Table the twelfth part of the Meafures I then 
took. • " 

01)/: 4. When the Shadow and Fringes were 
caft obliquely upon a fmooth white Body, and 
that Body was removed farther and farther 
from the Hair, the £r{l Fringe began to appear 
and^ look brighter than the reft of the Light 
at the diftance of lefs than a qu.arter of an Inch 
from the Hair, and the dark Line or Shadow 
between that and the .fecond Fringe began to 
appear at a lefs diflance from the Hair than that 
of the third part of an Inch. The fecond Fringe 
began to appeac at a diftance frbm the Hair of 
lefs than half an Inch, and the Shadow between 
that and the third Fringe at a diftance lefs than 
an Inch, and the third' Fringe at a diftance lefs 
than three Inches. At greater diftances they 
became much more fenSble, but kept very 
nearly the fame proportion of their breadths., 
^nd intervals which they had at their ^rft ap- 
pearing. For the diftance .between the middle 
of the firft, and middle of the fecond Fringe, 
was to the diftance between the middle of the 
fecond and middle of the thifd Fringe, as three* 
to two, or ten to feven. And the laft of thefe 
two diftances was equal to the breadth of the 
bright Light or luminous part of the firft Fringe^ 
And this breadth was to the breadth of the 
bright Light of l;he fecond Fringe a$ feven to 

four. 
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four, and to the dark Interval of the firft and 
fecond Fringe as three* to two, and to the like 
dark Interval betv^een the fecond and third as 
tv^o to one. For the breadths of the Fringes 
feem'd to be in the progreffion of the Numbers 
I, Vh "/h and their Intervals to be in the 
fame progreffion v^iththemj that is, th? Frin- 
ges and their Intervals together to be in the 
continual progreffion of the Numbers i, v^?, ^/f, 
V'^, y/ly or thereabouts. And thefe Proportions 
held the fame very nearly at all diftances from 
the Hair ; the dark Intervals of the Fringes* be- 
ing as broad in proportion to the breadth of the 
Fringes at their firft appearance as aifterwards at 
great diftances from the Hair, though not fo dark 
and diftin<5t. 

O^f. 5. • The Sun fliining iilto my darken'd 
'chamber through a hole a quarter of an Inch 
broad, I placed at the diftance of two or three 
Feet from the Hole a Sheet of Pafteboard, which 
was black'd all over on both fides, and in the 
middle of it had a hole about three quarters 
of an Inch fquare for the Light to pafs through. 
.And behind the hole I faften'd to the Fafte- 
board with Pitch the blade of a fharp Knife, to 
intercept fome part of the Light which paffied 
through the hole. The Planes of the Pafte- 
board and blade of the Knife were parallel, to 
one another, and * perpendicular to the Rays. 
And when they . were fo placed that none of 
the Sun's Light fell on the Pafleboard, but all of 
it paffed through the hole to the Knife, and there 
part of it fell upon the blade of the Knife, and 
part of it paifed by its edge j I let this part of 

' thq 
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the Light which paffed hy, fall on a white Pa- 
per two or three Feet beyond the Knife, and 
there faw two ftreams of' faint Light fhoot out 
both ways from the beam of Light into the Sha- 
dow, like the Tails of Comets. But becaufe th& 
Sun's dired Light by its brighthefs . upon the 
Paper obfcured thefe faint ftreams, fo that I 
could fcarce fee them, L made a little hole in 
the midft of the Paper for that Light to .pafs 
through and fall on a black Cloth behind it; 
and then I faw the two ftreams plainly. They 
were like one another, and pretty nearly equal 
in length, and breadth, and quantity of Light. 
Their Light at that end next the Sun's direO: 
Light was pretty ftrong for the fpace of about 
^quarter of an Inch, .or half an Inch, and in all 
its progrefs from that dife<a. Light decreafed 
gradually till it became infenfible. The whole 
length of either of thefe ftreams meafured upr 
on the Paper at the diftance of three Feet^ from 
the Knife was about fix or eight Inches j fo that 
itfubtended an Angle at the edge of the Knife 
of about ID or 12, or at moft 14 Degrees. Yet 
fometimes I thought I faw it fhoot three or four 
Degrees farther, but with a Light fo very faint 
that I could fcarce perceive it, and fufpeiftedit 
might ( in fome meafure at leaft ) arife from 
fome other caufe than the two ftreams did.. For 
placing my Eye in that Light beyond the. end 
of that ftream which was behind the Knife, and 
looking towards the Knife, I could fee a line of 
Light upon its edge, and that not . only rwhen 
my Eye was in the line of the Streams, but„al- 
fo when it was without that line either towards 

the 
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the poiot of the Knife, or towards the handle. 
This line of Light appear'd contiguous to th© 
edge of the Knife j and was narrower than the 
Light of the innermoft Fringe, and narroweft 
<when my Eye was fartheft from the dired: Light, 
and therefore feem'd" to pafs between the Light 
of that Fringe and the edge of the Knife, and 
that which paffed neareft the e^ige to be moft 
bent, though not all of it. 

Otf. 6. I placed another Knife by this, £6 
that their edges might be parallel, and look to- 
wards one another, and that the beani of Light 
might fall upon both the. Knives, and fome part 
of it pafs between their edges. Arid when the 
diftance of their e(%^ was about the 400A 
part of an Inch, the ftream parted in the mid-^ 
die, and left a Shadow between the two partst 
This Shadow was fo black and dark that all the 
Light which palTed between the Knives feem'd 
to be bent, and turn'd afide to the one hand of 
to the other. And as the Knives ftill appFOach -d 
one anobher the Shadow grew broader, and the 
ftreams fhorter at their inward tnd'S v^hieh were 
next the Shadow, until upon the contaft of the 
Knives the whole Light vanilh'd, leaving its place 
to the Shadow. 

And hence I gather that the Light which is 
leaft bent, and goes to the inward ends of the 
ftreams, paffes by the edges of the Knives at 
the greatefl diftance, and this diftance when 
the Shadow begins to appear between the 
ftreams, is about the Sooth part of an Inch. And 
the Light which paffes by the edges of the 
Knives- at diflances ftill lefs and lefs, is more antl 

. more 
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more bent, and goes to thofe parts of the 
ilreams which are farther and farther from th& 
direa Light j becaiife when the Knives approach 
one another till they touch, thofe parts offhe. 
jftreams vanifh laft which are fartheft from the 
dire<ft Light. 

03/ 7. In the. fifth Obfervation the Fringed 
did not appear, but by reafon of the breadth of 
the hole in the Window became fo broad as to ruii 
in^o one another, and by joining, to make one 
continued Light in the beginning of the ftreams. 
But in the fixth, as the Knives approached one • 
another, a little before the Shadow /appeared 
between the two ftreams, the Fringes began 
to appear on the inner 'ends of the Streams on 
either fide of the direa Light j three on one 
fide made by the edge of one Knife, and three 
on the other fide made by the edge of the o- 
ther Knife. They were diftindeft when the 
Knives were placed at the greateil diftance from 
the hole in the Window, and ftill became more 
diftina by making the hole lefs, infomuch that. 
I could fometimes fee a faint lineament of a 
fourth Fringe beyond the three above men- 
tion' d.^ And as the Knives continually ap- * 
proach'd one another, the Fringes grew di^ 
ilinaer and larger, until they vanifh'd. The 
outmoft Fringe vani/ii'd firft, and the middle- 
moft next, and the innermoft lafl'. And after 
they were all vanifli'd, and the line of Light 
which was in the, middle between them was 
grown very broad, enlarging it feif on both" fides* 
mto.theftreams of Light defcribed in the fifth 
•Obfervation, the • above-mention'd Shadow be- 
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gan to appear in the middle of this line, and 
divide it along the middle into two lines of 
Light, and increafed until the whole Light va*- 
ni&'d. This enlargement of the Fringes was 
fo great that the Rays which go to the inner- 
moft Fringe feem'd to be bent above twenty 
times more when this Fringe, was ready to va- 
nifh, than when one of .the Knives was taken 
away. 

And from this and the former Obfervation 
compared, I gather, that the Light of the firft 
Fringe pafled by the edge of the Knife at a di- 
ftance greater than the 800th part of an Inch, 
and the Light of the fecond Fringe palled by 
the edge of the Knife at a greater diftance than 
the Light of the firft Fringe did, and that of 
the third at a greater diftance than that of the 
fecond, and that of "the ftreams of Light defcri- 
bed in the fifth and fixth Obfervations pafled by 
the edges of the Knives at lefs diftances than that 
of any of the Fringes. 

Oij/'. 8. I can fed the edges of two Knives 
to be ground, truly ftrai\t, and pricking their 
points into a Board fo that their edges might 
look towards one another, and meeting near 
their points contain a redlilinear Angle, I faften'd 
their Handles together with Pitch to make this 
Angle invariable. The diftance of the edges of 
the Knives from one another at the diftance of 
four Inches from the angular Point, where the 
edges of the Knives met, was the eighth part 
*of ah Inch J and therefore the Angle contain'd 
by the edges was about one Degree 54V The 
Knives thus fix'd* together I placed in a beam 

of 
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of the Sun's Light, let into my darken'd Cham- 
ber through a Hole the 42d Part of an Inch wide, 
at the dillance of 10 or 15 Feet .from the Hole, 
and let the Light which palled between their edges 
fall very obliquely upon a fmooth white Ruler at 
the diftance of half an Inch, or an Inch from.' 
the Knives, and there faw the Fringes by the 
two edges of the Knives run along the edges of 
the Shadows of the Knives in Lines parajlel to 
thofe edges without growing fenfibly broader, 
till they met in Angles equal to the Angle 
contained by the edges of the Knives, and 
where they met and joined they ended without 
croffing one another. But if the Ruler was 
held at a much greater diilance from the 
Knives, the Fringes where they were £irther 
from the Place of their Meeting, were a little 
narrower, and became fomething broader and 
broader as they approach'd nearer and nearer to 
one another, and after they met they crofs'd 
one another, and then became much broader 
than before. 

Whence I gather that the diftances at which 
the Fringes pafs by the Knives are not increafed 
nor alter'd by the approach of the Knives, but 
the Angles in which the Rays are there bqnt 
are much increafed by that approach ; and'that 
the Knife which is neareft any Ray determines 
which way the Ray fhall be bent, and the other 
Knife increafes the bent. 

Ol?f. 9. When the Rays fell very obliquely 
upon the Ruler at the diilance of the third Part 
of an Inch from the Knives, the dark Line be- 
tween the iiril and fecond Fringe of the Sha- 

X dow 
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dow of one Knife, and the dark Line between 
the firfl and fecond Fringe of the Shadow of 
the other Knife met with one another, at the 
diilance of tlie fifth Part of an Inch from the 
end of the Liglit which pafTed between the 
• Knives at the concourfe of their edges. And 
therefore the diftance of the edges of the Knives 
at the meeting of thele dark Lines was the i6oth 
I^art of an Inch. For as four Inches to the 
eighth Part of an Inch, fo is any Length of the 
edges of the Knives nieafiired from the point 
of their concourfe to the djjftance of the edges' 
of the Knives at 'the end of that Length, and fo 
is the fifth Part of an Inch to the i6oth Part. 
So then the dark Lines above-mention'd meet 
in the middle of the Light which paiTes be- 
tween the Knives where they are diftant the 
i6oth Part of an Inch, and the one half of that 
Light paffes by the edge of one Knife at a di- 
ilance not greater than the 320th Part of an 
Inch, and falling upon the Paper makes the 
Fringes of the Shadow of that Knife, and the 
other half pafles by the edge of the other Knife, 
at a diftance not greater than the 320th Part of 
an Inch, and falling upon thePaper makes the 
Fringes of the Shadow of the other Knife. But 
if the Paper be held at a diftance from the 
Knives greater than the third Part of an Inch, 
the dark Lines above-mention'd meet at a greater 
diftance than the fifth Part of an Inch from 
the end of the Light which pafled between the 
Knives at the concourfe of their edges .; and 
therefore the Light which falls upon the Paper 
where thofe dark Lines meet pafTes between the 

Knives 
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Knives where the edges are diflant above the 
1 6 o th part of an Inch . 

For at another time, when the two Knives 
were diftant eight Feet and five Inches from the 
little hole in the Window, made with a fmall 
Pin .as above, the Light which fell upon the Pa- 
per where tjie aforefaid dark lines met, paffed 
between the Knives, where the diflance betvveen 
their edges was as in the following Table, when 
the diftance of the Paper from the Knives was 
alfo as follows. • 



Dijiances' of the Paper 
from the Knives in 
■Inches. 


Dijiances between the 
edges of the Knives in 
miilejimal parts of an 
Inaj. 


% 

96. 
131. 


0'0I2 
0'020 ■ 

o'o34 
o'o57 
o'o8i ' 
o'o87 



And hence I gather, that the Light which 
makes the Fringes upon the Paper is not the 
fame Light at all diftances of the Paper from 
the Knives, but when the Paper is held near 
the Knives, the Fringes are made by Light 
which pafTes by the edges of • the Knives at^a 
lefs diftance, and is more bent than when the 
Paper is held. at a greater diftance from tlie 
Knives, . , 






Oif. 
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Obf. 10. When the Fringes of the Shadows 
of the Knives fell perpendicularly upon a Paper 
at a great diftance from the Knives, they were 
in the form* of Hyperbola's, and their Dimen- 
fions were as follows. Let CA, CB [in Fig. 3.] 
reprefent Lines drawn upon the Paper parallel 
to the edges of the Knives, and between which 
all the Light would fall, if it paffed between 
the edges of the Knives without inflexion ; DE 
a Right Line drawn through C making the An- 
gles A CD, BCE, equal to one another, and 
terminating all the Light which falls upon the 
Paper from the point where the edges of the 
Knives meet; eis^fkt, and ^/i;, three hyper-, 
bolical Lines representing the Terminus of the 
Shadow of one of the Knives, the dark Line 
between the firft and fecond Fringes of that 
Shadow, and the dark Line between the fecond 
and third Fringes of the fame Shadow ; xip, ykq^ 
and tlr, three other hyperbolical Lines repre- 
fenting the Terminus of the Shadow of the other 
Knife, the dark Line between the firft and fecond 
Fringes of that Shadow, and the dark line be- 
tween the fecond and third Fringes of the fame 
Shadow. And conceive that thefe three Hyper- 
bola's are like and equal to the former three, and 
crofs them in the points /, k, and /, and that the 
Shadows of the Knives are terminated and diftin- 
gui{h'd from the firft luminous Fringes by the 
lines eis and xip^ until the meeting and crof- 
fing of the Fringes, and then thofe lines crofs 
the Fringes in the forrn of dark -lines, termina- 
ting the firft luminous Fringes 'within fide, and 
diftinguifliing them from another Light which 

begins 
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begins to appear at./, and illuminates all the 
triangular fpace //DEi comprehended by thefe 
dark lines, and the right line DE. Of thefe 
Hyperbola's one Afymptote is the line D E, and 
their other Afymptotes are parallel to the lines 
C A and CB. Let rv reprefent a line drawn 
any where upon the Paper parallel to the Afymr 
ptote D E, and let this line crofs the right lines 
A C in m, and B C in ;z, and the fix dark hy- 
perbolical lines in p, q^r; s, t, v ; and by mea- 
furing the diftances />^, of, rv, and thence 
colleSing the lengths qf the Ordinates np, n q, 
nr or ms, m t, m 'u, and doing this at feveral 
diftanees of the line r v from the Afymptote D D, 
you may find as many points of thefe Hyperbo- 
la's as youpleafe, and thereby know that thefe 
curve lines are Hyperbola's differing little from 
the conical Hyperbola. And by meafuring the 
lines C /, C ^, C /, you may find other points of 
thefe Curves. 

For inilance j when the Knives were diftant , 
from the hole in the Window ten Feet, and the 
Paper from the Knives nine Feet, and the An- 
gle contained by the edges of the Knjves to 
which the Angle ACB is equal, was fiibtend- 
ed by a Chord which was to the Radius as i 
to 32 j and the diftance of the line rv from the 
Afymptote D E was half an Inch : I meafured 
the lines ps, qt, r*v, and found them 0*35, 
0*65, 0*98 Inches refpeaively; and by adding 
to their halfs the line t m n, ( which here was 
the 128th part of an Inch, or ©'0078 Inches,) the 
^Sums np, nq^ nr, were o'i828, 0*3328, o'4978 
Inches. I meafured alfo the diftances of the 

X 3 brighteft 
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brighteil part§ of the Fringes which run between 
pq and st, qr and / v^ and next beyond r and Vi 
and found them o'5, a'8, and 1*17 Inches. 

Obf. 1 1. The Sun fhining into my darkened 
Room through a fmall round hole made in a 
Plate of Lead with a flender Pin, as above j I 
placed at the hole a Prifm to refra(a the Light, 
and foi'n^ on the oppofite Wall the Spedrum 
of Colours, defcribed in the third Experiment 
of the firft Book. And then I found that the 
Shadows of all Bodies held in the colour'd 
Light between the Prifm and the Wall, were 
border'd with Fringes of the Colour of that 
light in which they were held. In the full red 
Light they were totally red without any fenfi- 
ble blue or violet, and in the deep blue Light 
they were totally blue without any fenfible red 
or yellow -, and fo in the green Light they were 
totally green, excepting a little yellow and blue, 
which were mixed in the green Light of the 
Prifm. And comparing the Fringes made in 
the feveral colour'd Lights, I found that thofe 
made in the red Light were largeid , thofe 
made in the violet were • leaft, and thofe made 
in the green were of a middle bignefs. For 
the Fringes with which the Shadow qf a Man's 
Hair were bordered, being meafure4 crofs the 
Shadow at the diftance of fix Inches from the 
Hair, the diftance between the middle and moil 
luminous part of the firft or innermoft Fringe 
on one fide of the Shadow, and that of the like 
Fringe on .the other fide of the Shadow, was in 

the full red Lieht ~ of an Inch, and in the full 

violet 
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violet 4V. And the like diftance between the 
iBiddle and moft luminous pans of the fccond 
Fringes on either fide the Shadow was in the full 
red Light tV, and in the violet ^V of an Inch. 
And thefe diftances of the Fringes held the lame 
proportion at all diflances from tlie Hair without 
any fenlible variation. 

So then the Rays which made thefe Fringes 
in the red Light paiTed by the Hair at a greater 
♦diftance than thofe did which made the like 
Fringes in the violet j and therefore the Hair 
in cauling thefe Fringes afted alike upon the 
red Light or leaft refrangible Rays at a greater 
diftance, and upon the violet or moft refrangi- 
ble Rays at a lefs diftance, and by thofe adions 
difpofed the red Light into larger Fringes, mid 
the violet into fmaller, and the Lights of inter- 
mediate Colours intQ Fringes of intermediate big- 
neffes without changing the Colour of any fort 
of Light. 

When therefore the Hair -in the firft and fe- 
cond of thefe Obfervations was held in the 
w-hite beam of the Sun's Light, and caft a Sha- 
dow which was border'd with thrie Fringes of 
coloured Light, thofe Colours arofe not from 
any new modifications imprefs'd upon the ^ays 
of Light by the Hair, but only from the vari- 
ous inflexions whereby the feveral Sorts of Rays 
were feparated from one another, which before 
reparation, by the mixture of all their Colours, 
compofed .the v/hite beam of the Sun's Light, 
but whenever feparated compofe Lights of- the 
feveral Colours which they are originally difpo- 
fed to exhibit. Li this iithObfervation, where 

X 4 the 
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the Colours are feparated before the Light paf- 
fes by the Hair, dhie leaft refrangible Rays, which 
when feparated from the reft make red, were 
inflected at a greater diftance from the Hair, fo 
as to make three red Fringes at a greater di- 
ftance from the middle of the Shadow of the 
Hair i and the moft refrangible Rays which 
when feparated make violet, were inflected at 
a lefs diftance from the Hair, fo as to make 
three violet Fringes at a lefs diftance from the 
middle of the Shadow of the Hair. And other 
Rays of intermedia'tg degrees of Refrangibility 
were infleded at intermediate diftances from 
the Hair, fo as to make Fringes of intermediate 
Colours at intermediate diftances from the mid- 
dle of the Shadow of the Hair. And in the 
fecond Obfervation, where all the Colours are 
mix'd in the white Light which pafTes by the 
Hair, thefe Colours are feparated by the vari- 
ous inflexions of the Rays, and the Fringes 
which they make appear all together, and the 
innermoft Fringes being contiguous make one 
broad Fringe compofed of all the Colours in 
due order, the violet lying on the infide of the 
Fringe next, the Shadow, the red on the out- 
fide fartheft from the Shadow, and the blue, 
green*, and yellow, in the middle. And, in like 
manner, the middlemoft Fringes of all the Co- 
lours lying in order, and being contiguous, 
make another broad Fringe compofed of all the 
Colours J and the outmoft Fringes of all the 
Colours lying in order, and being contiguous, 
make a third broad Fringe compofed of all the 
Colours. Thefe are the three Fringes of co- 

lour'd 
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lour'd Light with which the Shadows of all Bo- 
dies are border'd.in the fecond Obfervation. 

When I marie the foregoing Obfervations, I 
delign'd to repeat moft of them with more care 
and exa(5lnefs, and to m^^Re feme new ones for 
determining the manner how the Rays of Light 
are bent in their paflage by Bodies, for making 
the Fringes of .Colours with' the dark lines be- 
tween them. But I was then interrupted, and 
cannot now think of taking thefe things into far- 
ther Confideration. And fince 1 have not finilh'd 
this part of my Defign, I fhall conclude with 
jfropoling only fome Queries, in order to a far- 
ther fearch to be made by others. 

• 

^ery i. Do not Bodies ad: upon Light at 
a dillance, and by their adion bend its Raysj and 
is not this action ( cater is paribus. ) ilrongeft at 
the leaft diftance ? 

^. 2-. Do not the Rays which differ in Re- 
frangibility. differ alfo in Flexibity j and are they 
not by their different Inflexions feparated from 
one another, fo as after feparation to make the 
Colours in the three Fringes above defcribec^ 
And after what manner are they irifieded to mafll 
thofe Fringes ? • 

^. 3 Are not the Rays of Light in pafling 
by the edges and fides of Bodies, bent feveral 
• times backwards and forwards, with a motion 
like that'of an Eel ? And do not the three Frin- 
ges o*f colour'd Light above-mention'd arife from 
three fuch bendings ? 

§lu. 4. Do not the Rays of Light which fall 
upon Bodies, and are reflected or refrad:ed, be- 
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gin to bend before they arrive at the Bodies -, and 
are they not refleded, refracted, and infle(5ted, 
by one and the fame Principle, ading varioufly 
in various Circumftances ? 

^. i;. . Do not Bodks and Light ad mutually 
upon one another j that is to fay, Bodies upon 
Light in emitting, refleding, refrading and in- 
fleding it, and Light upon Bodies, for heating 
them, and putting their parts into a vibrating 
motion wherein heat conlifts ? 

^. 6. Do not black Bodies conceive heat 
more eafily from Light than thofe of other Co^ 
lours do, by reafon that the Light falling on them 
is not refleded outwards, but enters the Bodies, 
and is often refleded aixl refraded within them, 
until it be ftifled and lofl ? 

^, J. Is not the ftrength and vigor of the 
adion between Light and fulphureous Bodies ob- 
ferved above, one reafon why fulphureous Bodies 
take fire more readily, and burn more vehement- 
ly than other Bodies do ? 

^L 8. Do not all fix'd Bodies, when heated 
beyond a certain degree, emit Light and fhine ; 
and is not this Emiffion perform'd by the vi- 
fcting motions of their parts? And do not all 
Bodies which abound* with terreflrial parts, and 
efpecially with fulphureous ones, emit Light 
as often as* thofe parts are fufficiently agitated j 
whether that -agitation be made by Heat, or by 
Fridion, or PercufTion, or Putrefadion, of by 
any vital Motion, or any other Caufe? As for 
inftance j Sea- Water in a raging Storm j Qmck- 
filver agitated in vdciw; the Back of a Cat, or 
Neck of a Horfe, obliquely ilruck or rubbed in 

a dark 
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a dark place ; Wood, Flefh and Fifli wHile they 
putrefy J Vapours arifing from putrefy 'd Wa- 
ters, ufually call'd Ignes Fatui ; Stacks of moift 
Hay or Corn growing hot by fermentation j 

tGlow-worms and the Eyes of fome Animals by 
vital Motions J the vulgar PboJ^orus agitated 
by the attrition of any Body, or by the acid 
Particles of the Airj Amber and ibme Dia- 

. monds by ftriking, prejfling or rubbing them ; 
Scrapings of Steel ftruck off with a Flint j Iron 
• hammer'd very nimbly till it become fo hot as 
to kindle Sulphur thrown upon itj the Axle- 
trees of Chariots taking fire by the rapid rota- 
tion of the Wheels 5 and fome Liquors mix'd 
with one another whofe • Particles come toge- 
ther with an Impetus, as Oil of Vitriol diftilled 
from its weight of Nitre, and then mix'd with 
twice its weight of Oil of Annifeeds. So alfo a 
Globe of Glafs about 8 or 10 Inches in diameter, 
being put into a Frame where it may be fwiftly 
turn'd round ■ its Axis , w;iil in turning fliine 
where it rubs againft the palm of ones Hand 
apply'd to it: And if at the fame time a piece 
of white Paper or white Cloth, or the end of 
ones Finger be held at the diftance of about a 
quarter of an I^ch or half an Inch from that 
part of the Glafs where it is moft in motion, 
the ele<^rick Vapour which is excited by the 
friction of the Glafs againft the Hand, will by 
dafliing againft the white Paper, Cloth or Fin- 
ger, be put into fuch an agitation as to emit 
Light, and make the white Paper, Cloth or Fin- 
ger, appear lucid like a Glow-worm ; and in 
ruihing out of the Glafs will fometimes pufli 

againft 



3i6 OPT I C K S. 

againft the Finger fo as to be felt. And the fame 
things have been found by rubbing a long and 
large Cylinder of Glafs or Amber with a Paper 
held in ones hand, and continuing the fridion till 
the Glafs grew warm. ^ 

^. 9. Is n@t Fire a Body heated fo hot as to 
emit Light copioully? For what elfe is a red hot 
Iron than Fire.? And what elfe is a burning Coal 
than red hot Wood ? 

^. 10. Is not Flame a Vapour, Fume or Ex- 
halation heated red hot, that is, fo hot as to • 
fhine ? For Bodies do not flame without emit- 
ting a copious Fume, and this Fume burns in 
the Flame.' The Ignis Fatuus is a Vapour fhi- 
ning without heat, and is there not the fame 
diiference between this Vapour and Flame, as 
between rotten Wood jfliining without heat and 
burning Coals of Fire ? In diftilling hot Spirits, 
if tlie Head of the Still be taken off, the Va- 
pour which afcends out of the Still will take jfire 
at the Flame of a Candle, and turn into Flame, 
and the Flam.e will run alor^g the Vapour from 
the Candle to the Still. Some Bodies heated by 
Motion or Fermentation, if the heat grow in- 
tenfe, fume copicufly, and if the heat be great 
enough the Fumes will ihine ai\d become Flame. 
Metals in. fufion do not flame for want of a co- 
pious Fume, except Spelter, which fumes co- 
picufly, and thereby tlames. All flaming Bo- 
dies, as Oil, Tallov/, Wax, Wood, foffil Coals, 
Pitch, Sulphur, by flaming wafle and vanifli in- 
to burning Smoke, which Smoke, if the Flame 
be put out, is very thick and vifible, and fome- 
times fmelis flrongly, but in the Flame lofes its 

fmell 
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fmell by burning, and according to the nature 
of the Smoke the Flame is of feveral Colours, 
as that of Sulphur blue, that of Copper open'd 
with fublimate green, that of Tallow yellow, 
that of Camphire white. Smoke palTing through 
Flame cannot but grow red hot, and red hot 
Smoke can have no other appearance than that 
of Flame. When Gun-powder takes fire, at 
goes away into flaming Smoke. For the Char- 
coal and Sulpjlut eafily take fire, and fet fir^ to 
. the Nitre, and the Spirit of the ' Nitre being 
thereby rarified ' into Vapour, rufhes out with 
Eixplofion much after the manner that the Va- 
pour of Water ruflies out of an iEolipile; the 
Sulphur alfo^ being volatile is converted into 
Vapour, arid augnients the Explofion. And 
the acid Vapour, of the Sulphur (namely that 
which -diftils under a Bell into Oil of Sulphur,) 
entring violently into the fix'd Body of the Ni- 
.tre, fets loofe the Spirit of the Nitre, and ex- 
cites a great Fermentation, whereby the Heat 
is farther augmented, and. the fix'd Body of the 
Nitre is alfo rarified into Fume, and the Explo- 
fion is thereby made more vehement and quick. 
For if Salt of Tartar be mix d with Gun-pow- 
der, and that Mixture be warm'd till it takes 
fire, the Explofion will be more violent and 
quick than that of Gun-powder alone; wKich 
cannot proceed from any other caufe than the 
adion of the Vapour of the Gun-powder upon 
the Salt of Tartar, whereby that Salt is rarified. 
The Explofion of Gun-powder arifes therefore 
from the violent adion whereby all the Mixture 
being quickly and vehemently heated, is rarified 

_ ., aiici 
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and converted into Fume and Vapour : which 
Vapour, by the violence of -that adlion, be-, 
coming fo hot as to fhine, appears in the form of 

Flame. ^ ■ 

^. 1 1. Do not great Bodies conferve their 
heat the longeft, their parts heating one ano- 
ther, and may not? great denfe and fix'd Bo- 
dies, when heated beyond a cei;tain degree, e- 
mit Light fo copioufly, as by the Enaiflion and 
Re-adion of its Light, and the Reflexions and 
Refradions of its Rays within its;Poresto grow 
flill hotter, till it comes to a certain period of 
heat, fuch as is that of the Sun ? And are not 
the Sun and fix'd Stars great Earths veheniently 
hot, whofe heat is. conferved by the greatnefs 
of the Bodies, and the rtutual Adion and Re- 
adion between them, and the Light which they, 
erfiit, and whofe parts are kept from fuming a- 
way, not only by their fixity, but alfo by the 
vaft weight and denfity of the Atmospheres in- 
cumbent upon them; and very ilrongly com- 
preffing them, and condenfmg the Vapours and 
Exhdlations which arife' from them? For if 
Water be made warni in any pellucid Veffel 
emptied of Air, that Water in the Vacuum will 
bubble and boil as vehemently as it would in 
the open i^ir in a VeiTel fet upon the Fire till 
it conceives a much greater heat. For 'the 
weight of the incumbent Atmofphere keeps 
down the Vapours, and hinders the Water from 
boiling, until it grow much hotter than is re- 
quifite to make it boil in vacuo. Alfo a mix-, 
ture of Tin and Lead being put upon a red hot 
Iron in 'vacuo emits a Fume and Flame, but the 
3 fame 
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fame Mixture in the open Air, by reafon of the 
incumbent Atmofphere, does not fo much as e- 
mit any Fiime which can be perceived by Sight. 
In like manner the great weight of the Atmo- 
fphere which lies upon thQ*Globe of the Sun 
may hinder Bodies there from rifing up aad 
going away from the Sun in the form of Va- 
pours ar^d Fumes, unlefs by means- of a far 
greater heat than that which on the Surface of 
our Earth would very ealily turn them into Va- 
pours and Fumes. And the fame great weight 
may "condenfe thpfe Vapours arid Exhalations as 
foon as they fliall at anytime begin to afcend 
from the Sun , and make them prefently fall 
back again into him, and by that adion increafe 
his Heat much after the manner that in our 
Earth the Air increafes the Heat of a culinary 
Fire. And the fame weight may hinder the 
Globe of the Sun from being diminifh'd, unlels 
'by the Emiffion of Light, and a very fmall quan- 
tity of Vapours and Exlialations. 

^. 12. Do not the Rays of Light in falling 
' upon the bottom of the Eye excite Vibrations 
in the T^imica Retina? Which Vibrations, be- 
ing propagated along the folid Fibres of the op- 
tick Nerves into .the Brain, caufe the Senfe of 
feeing. For becaufe denfe Bodies conferve their 
•Heat a long time, and the denfeft Bodies con- 
ferve their Heat the longeft, the Vibrations of 
their parts are of a lalling nature, and there- 
fore may be propagated along folid Fibres of 
uniform denfe Matter to a great diftance, for 
conveying into the Brain the impreffions made . 
upon all the Organs of Senfe. For that Motion 

which 



320 G P T I C K a 

which can continue long in one and the fame part 
of a Body, can be propagated ^a long way from 
one part to another, fuppofing the Body homo- 
geneal, fo that theMotion may not be reflea:ed, 
refra<fled, interrupted or diforder'd by any un- 
evennefs of the Body. 

%. 13. Do not feveral forts of Rays make 
Vibrations of feveral bigneffes, which according 
to their bigneffes excite Senfations of feveral Co- 
lours, much after the manner that the Vibrations 
of the Air, according to their feveral bigneffes 
excite Senfations of feveral Sounds? And parti- 
cularly do not the moft refrangible Rays excite 
the fhortefl Vibrations for making a Sehfation of 
deep violet, the leafl Tiefrangible the largefl for 
making a Senfation of deep red, and the feveral 
intermediate forts of Rays, Vibrations of feveral 
intermediate bigneffes to niake Senfations of the 
feveral intermediate Colours ? • 

%;. 14. May not the harmony and difcord of 
Colours arife from the proportions of the Vibra- 
tions propagated through the Fibres of the op- 
tick Nerves into the Brain, as the harmony and 
difcord of Sounds arife from the proportions of 
the Vibrations of the Air? For fome Colours, if 
they be view'd together, are agreeable to one 
another, as thofe of Gold and Indigo, and others 
difagree. 

%. 15. Are not the Species of Objeds fcen 
with both Eyes united where the optick Nerves 
meet before they come into the Brain, the Fi- 
bres on the right fide of both Nerves uniting 
there , and after union going thence into ths 
Brain in the Nerve which is on the right fide of 
. -the 
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the Head, and the Fibres on the left fide of 
both Nerves uniting in the fame place^ and z£- 
ter union going into the Brain in the Nerve 
which is on the left lide of the Head, and thefe 
two Nerves meeting in the Brain in luch a man- 
ner that their Fibres make but one entire Spe- 
cies or Fidure, half of which on the right fide 
of the Senforium comes from the right fide of 
both Eyes through the right fide of both op- 
tick Nerves to the place where the Nerves meet, 
and from thence on the right fide of the Head 
into the Brain, and the other half on the left 
fide of the Senforium comes in like manner from 
the left fide of both Eyes. For the optick 
Nerves of fuch Animals as look the fame way 
with both Eyes (as of Men, Dogs, Sheep, Oxen, 
&c.) meet before they come into the Brain, but 
the optick Nerves of fuch Animals as do not 
look the fame way with both Eyes (as of Fiihes, 
and of the Chameleon,) do not meet, if I am 
rightly inform'd. 

^. 16. When a Man in the dark prefles either 
corner of his Eye with his Finger, and turns his 
Eye away from his Finger, he will fee a Circle 
of Colours like thofe in the Feather of a Pea- 
cock's Tail. If the Eye and the Finger remain 
quiet thefe Colours variifii in a fecpnd M inute of 
Time, but if the Finger be moved with a qua- 
vering Motion they appear again. Do not thefe 
Colours arife from fuch Motions excited in the 
bottom of the Eye by the FreflTure and Motion 
of the Finger, as at other- times are excited 
there by Light for caufing Vifion ? And do not 
the Motions once excited continue about a Se- 

Y cond 
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cond of Time before they ceafe ? And when a 
Man by a ftroke upon his Eye fees a flaih of 
Light, are not the like Motions excited in the 
Retina by the ftroke ? And when a Coal of Fire 
moved nimbly in the circumference of a Cir- 
cle, makes the whale circumference appear like 
a Circle of Fire ; is it not becaufe the Motions 
excited in the bottom of the Eye by the Rays 
of Light are of a lafting nature, and continue 
till the Coal of Fire in going round returns to 
its former place ? And confidering the lafting- 
nefs of the Motions excited in the bottom of 
the Eye by Light, are they not of a vibrating 
nature? 

^. 17. If a Stone be thrown into ftagnating 
Water, the Waves excited thereby continue 
fome time to arife in the place where the Stone 
fell into the Water, and are propagated from 
thence in concentrick Circles upon the Surface 
of the Water to great diftances. And the Vi- 
brations or Tremors excited in the Air by per- 
eullion, continue a little time to move from the 
place of percuffion in concentrick Spheres to 
great diftances. And in like manner, when a Ray 
of Light falls upon the Surface of any pellucid 
Body, and is there refra<5ted or reflefted, may not 
Waves of Vibjrations, or Tremors, be thereby 
^xcited in the refrading or refleding Medium at 
the point of Incidence, and continue to arife 
there, and to be propagated from thence as long 
as they continue to arife and be propagated, when 
they are excited in the bottom of the Eye by the 
PrefTure or Motion of the Finger, or by the Light 
which comes from the Coal of Fire in the- Ex- 
periments 
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periments abovemention'd ? 'and are not thefc 
Vibrations propagated from the point of Inci- 
dence to great diftances ? And do they not over- 
take the Rays of Light, and by overtaking them 
fu<^effively, do they not put them into the Fits 
of eafy Reflexion and eafy Tranfmiffion defcribed 
above? For if the Rays endeavour to recede from 
the denfeft part of the Vibration, they may be 
alternately accelerated and retarded by the Vi- 
brations overtaking them. 

^. 18. If in two large tall cyhndrical Vef- 
fels of Glafs inverted, two little Thermometers 
be fufpended fo as not to touch the Veffels, and 
the Air be drawn out of one of thefe Vcflels, 
and thefe Veffels thus prepared be carried out 
cf a cold^place into a warm one; the Thermo- 
meter in vacuo will grow warm as much, and 
almoft as foon as the Thermometer which is 
not in vacuo. And when the Veffels are carri- 
ed back into the cold place, the Thermometer 
in vacuo will grow cold almoil as loon as the 
other Thermometer. Is not the Heat of the 
warm Room convey'd through the Vacuum by 
the Vibrations of a much fubtiler Medium than 
Air, which after the Air was drawn out remain- 
ed in the Vacuum ? And is not this Medium the 
fame with that Medium by which Light is re- 
fraded and reflected, and by whofe Vibrations 
Light communicates Heat to Bodies, and is 
put into Fits of eafy Reflexion and eafy Tranf- 
miffion ? And do not the Vibrations of this Me- 
dium in hot Bodies contribute to the intenfenefs 
and ^duration of their Heat ? And do not hot 
Bodies communicate their Heat to contiguous 

y 2 , cold 
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cold ones, by the? Vibrations of this Medium 
propagated from them into the cold ones? And 
is not this Medium exceedingly more rare and 
fubtile than the Air, and exceedingly more ela- 
iliick and adive? And doth it not readily per- 
vade all Bodies? And is it not (by its ekftick 
force) expanded through all the Heavens? 

%. 19. Doth not the Refrad:ion. of Light 
proceed from the different denfity of this JEthe- 
real Medium in different places, the Lio-ht re- 
ceding always from the denfer parts of the Me- 
dium? And is not the denfity thereof greater 
in free and open Spaces 'void of Air and other 
groller Bodies, than v^ithin the Pores of Wa- 
ter, Glafs* Cryflal, Gems, and other compad: 
Bodies? For when Light paffes through Glafs 
or Cryflal, and falling very obliquely upon the 
fiirtlier .Surface thereof is totally refleded, the 
total Reflexion ought to proceed rather from the 
denfity and vigour of the Medium without and 
beyond the Glafs, than from the rarity and weak- 
nefs thereof. 

%. 20. Doth not this ^Ethereal Medium in 
palling out of Water, Glafs, Cryilal, and other 
compad and denfe Bodies into empty Spaces, 
grow denfer and denfer by degrees, and by that 
means refrad the Rays of Light not in a point, 
but by bending them gradually in curve Lines ? 
And doth not the gradual condenfation of this 
Medium extend to fome diftance from the Bo- 
dies, and thereby caufe the Inflexions of the 
Rays of Light, which pafs by the edges of denfe 
Bodies, , at fome diftance from the Bodies ? 
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^. 21. Is not this Medium much rarer with- 
in the denfe Bodies of. the Sun, Stars, Planets 
and Comets, than in the empty celeftial Spaces 
between them? And in paffing from 'them to 
great dillances , doth it not grow denfer and 
denfer perpetually, and thereby cauft the gra- 
vity of thofe great Bodies towards one another, 
and of' their parts towards the Bodies ; every 
Body endeavouring to go from the denfer parts 
of the Medium towards the rarer ? For if this 
Medium be rarer within the Sun's Body than at 
its Surface, and rarer there than at the hun- 
dredth part of an Inch from its Body, and ra- 
rer there than at the fiftieth part of an Inch frdm 
its Body, and rarer there than at the Orb of 
Saturn j I fee no reafon why the Increafe of 
denfity ihould flop any where, and not rather 
be continued through all diftances from the Sun 
to Saturn^ and beyond. And though this In- 
creafe of denfity may at great diftances be ex- 
ceeding flow, yet if the elaflick force -of this 
Medium be exceeding great, it may fufhce to ' 
impel Bodies from the denfer parts of the Me- 
dium towards the rarer, with all that power 
which we call Gra.vity. And that the elaflick 
force of this Medium is exceeding great, may 
be gathered from the fwiftnefs of its Vibrations. 
Sounds move 'about 1140 EjigUJh Feet in a fe- 
cond Minute of Time,, and in {^vin or eight 
Minutes of Time they liiove about one hundred 
Englifi Miles. Light moves from the Sun to- 
us in about feven or eight Minutes of Time, 
which diflance is about joqqoooo Englifi Miles, 
fuppofmg the horizontal Parallax of the Sun to 
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be about 12". And the Vibrations or Pulfcs of 
this Medium, that they may caufe the alternate 
Fits of eafy Tranfmiffion and eafy Reflexion, 
muil be fwifter than Light, and by confequencc 
above 700000 times fwifter than Sounds. And 
therefore the elaflick force of this Medium, in 
proportion to its denfity, muft be above 700000 
X 700000 (that is, above 490000000000*) times 
greater than the elaflick force of the Air is in 
proportion to its denfity. For the Velocities of 
the Pulfes of elaflick Mediums are in a fubdupli- 
cate Ratio of the Elaflicities and the Rarities of 
the Mediums taken together. 

As Attradiofi is ftronger in fmall Magnets 
than in great ones in proportion to their Bulk, 
and Gravity is greater in the Surfaces of fmall 
Planets than in thofe of great ones in propor- 
tion to their bulk, 'and fmall Bodies are agita- 
ted much more, by eledric attracJ^ion than great 
onesi fo the fmall nefs of the Rays of Light 
may contril^ute very much to the power of 
the Agent by which they are refraded. And 
fo if any one fhould fuppofe that Mther [Vikc 
our Air) m*ay contain Particles which endeavour 
to recede from one another ( for I do not know 
what this Mther is) and that its Particles are 
exceedingly fmaller than thofe of Air, or even 
than thole of Light: The exceeding fmallnefs 
of its Particles may contribute to the greatnefs 
of the force by which thofe Particles may re- 
cede from one another, and thereby make that 
Medium exceediiigly more rare and elaflick 
than Air, and by confequence exceedingly lefs 
able to refiil the motions of Projediles, and 

exceed- 
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exceedingly more able to prefs upon grofs Bodies, 
by endeavouring to expand it felf. 

^. 22. May not Planets and Comets, and all 
grofs Bodies, perform their Motions more freely, 
and with lefs refiftance in this ^Ethereal Medium 
than in any Fluid, which fills all Space ade- 
quately without leaving any Pores, and by confc- 
quence is much denfer thanQuick-filver or Gold? 
And may not its refiftance be fo fmall, as to be 
inconfiderable ? Forinftance; Ifthis^f^rr (for 
fo I will call it) fliould be fuppofcd 700000 
times more elaftick than our Air, and above 
700000 times more rare; its refiftance would 
be above 600000000 times lefs than that of Wa- 
ter. And fo fmall a refiftance would fc^npe 
make any fenfible alteration in the Motions, of 
the Planets in ten thoufand Years. If any one 
would ask how a Medium can be fo rare, let 
him tell me how the Air, in the upper parts of 
the Atmofphere, c^n be above an hundred thou- 
fand thoufand times rarer than Gold. Let him 
alfo tell me, how an elcdrick Body can by Fri- 
ction emit an Exhalation fo rare and fubtile, and 
yet fo potent, as by its Emifiion to caufe no 
fenfible Diminution of the weight of the ele- 
etrkk Body , and to be expanded through a 
Sphere, whofe Diameter is above two Feet, and 
yet to be able to agitate and carry up Leaf Cop- 
per, or Leaf Gold, at the diftance of above a 
Foot from the elecfbrick Body? And how the 
Effluvia of a Magnet can be fo rare and fubtile, as 
to pafs through a Plate of Glafs without any Refi- 
ftance or Diminution of their Force, and yet fo 
potent as to turn a magnetick Needle beyond the 
Glafs? Y 4 ^^. 
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%. 23. Is not Vifion pcrform'd chiefly by the 
Vibrations of this Medium, excited in the bot- 
tom of the Eye by the Rays of Light, and pro- 
pagated through the foHd, pellucid and uniform 
Capillamtnta of the optick Nerves into the place 
of Senfation ? And is not Hearing perform'd by 
the Vibrations either of this or fome other Medi- 
um, excited in the auditory Nerves by the Tre- 
mors of the Air, and propagated through the fo- 
lid, pellucid and uniform Capillamenta of thofe 
Nerves into the place of Senfation ? And fo of 
the other Senfes. 

%^. 24. Is not Animal Motion perform'd by 
the Vibrations of this Medium, excited in the 
Brain by the power of the Will, and propaga- 
ted from thence through the folid, pellucid and 
uniform Capillamenta of the Nerves into the 
Mufdles, for contradiing and dilating them ? I 
fuppofe that the Capillamenta of the Nerves are 
eac. 01 them folid and uniform, that the vibra- 
ting Motion of the iEthereal Medium may be 
propigated along them from one end to the other 
uniformly, and witliout interruption: For Ob- 
fliuctioiis in the Nerves create Pallies. And that 
they may be fufEcieiiLly uniform , I fuppofe 
them to be pellucid when vicvv^'d fmgly, tho' the 
Reflexions in iheir cylindrical Surfaces may make 
the whole Nerve ( compofed of many Capillar 
menta) appear opake and white, For opacity 
arifes from refleding Surfaces, fuch as may di- 
flurb and interrupt the Motions of this Medium. 
%^. 25. Are there not other original Proper- 
ties of the Rays of X/ight, befldes thofe alrea- 
dy defcribed ? An- initance of another original 

rro- 
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Property we have in the Refraction of Illand 
Cryllal , defcribed firft by Erafmus Bartloline^ 
and afterwards more exadiy by HugeniuSy in his 
Book De la Lumiere. This. Cryftal is a pel- 
lucid fiffile Stone, clear as Water or Cryftal of 
the Rock, and without Colour ; enduring a red 
Heat witheut loiing. its «ranfparency, and in a 
very ftrong Heat calcioii.g without Fufion. 
Steep'd a Day or two in Water, it lofes its na- 
tural Polifh. Being rubb'd on Cloth, it attrads 
pieces of Straws and other light things, like Ani- 
bar or Glafs^ and wixki Aqua forth it makes an 
Ebullition. It feems to be a fort of Talk, and 
is found in form of an oblique Parallelepiped, 
with fix parallelogram Sides and eight folid An- 
gles. The obtufe Angles of the Parallelograms 
are each of them 10 1 Degrees and 52 Minutes; 
the acute ones 78 Degrees and 8 Minutes. Two 
of the folid Angles oppolite to 'one another, as 
C and E, are compaflcd each of 
them with three of thefe obtufe ^^ 
Angles, and each of the other 
fix with one obtufe and two acute ones. It 
cleaves eafily in planes parallel to -any of its 
Sides, and not in any other Planes. It cleaves 
with a gloffy polite Surface not perfedly plane, 
but with fome little unevennefs. It is eafily 
fcratch'd, and by reafon of its foftnefs it takes a 
Polifh very difficultly. It polillies better upon 
polifli'd Lookipg-glafs than upon Metal, and 
perhaps better upon Pitch, Leather or Parch- 
ment. Afterwards it muft be rubb'd with a lit- 
tle Oil or white of an Egg, to fill up its Scratches; 
whereby it will become very tranlparent and po- 
lite. 
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lite. But for feveral Experiments, it is not necef- , 
fary to polifli it. If a piece of this cryftalline 
Stone be laid upon a Book, every Letter of the 
Book feen through it will appear double, by 
means of a double Refra<5tion. And if any beam 
of Light falls either perpendicularly, or in any 
oblique Angle upon ai^ Surface of this Cryftal, 
it becomes divided into two beams By means of 
the fame double Refradion. Which beams are of 
the fame Colour with the incident beam of Light, 
and feem equal to one another in the quantity of 
their Light, or very nearly equal. One of thefe 
Refractions is perform'd by the ufual Rule of Op- 
ticks, the Sine of Incidence out of Air iftto this 
Cryftal being to the Sine of Refracftion, as five to 
three.' The other Refradion, which may be cal- 
led the unufual Rcfradion, is perform'd by the 
following Rule.. 




Let ADBC reprefent the refrading Surface 

of 



BOOK. III. 331 

of the Cryftal, C the biggeft folid Angle at that 
Surface, GEHF the op pofite Surface, andCK 
a perpendicular on that Surface. This perpen- 
dicular makes with the edge of the Cryftal CF, 
an Angle of 19 Degr. 3'. Join KF, and in it 
take KL, fo that the Angle KCL be 6 Degr. 
40'. and the Angle LCF 12 Degr. 23'. And if 
ST reprefent any beam of Light incident at T 
in any Angle upon the refrafting Surface ADB'C,. 
let TV be the refraifted beam determined by the 
given Portion of the Sines 5 to 3, according to 
the ufual Rule of Opticks. Draw VX 'parallel 
and equal to KL. Draw it the fame way from 
V in which L lieth from K; and joining T X, 
this line TX'fliall be the other refraded beam 
carried from T to X, by the unufual Refra- 
dion. 

If therefore the incident beam S T be perpen- 
dicular to the refra<5ling Surface, the two beams 
TV and TX, into which it {hall become di- 
vided, fhall be parallel to the lines CK and CL j 
one of thofe beams going through the Cryftal 
perpendicularly, as it ought to do by the ufual 
Laws of Opticks, gnd the other TX by an unu- 
fual Refrad:ion diverging from the perpendicular, 
and making With it an Angle VTX of about 6| 
Degrees, as is found by Experience.^ And 
hence, the Plane VTX, and Uich like Planes 
which are parallel to fhe Plane CFK, may be 
called the Planes of perpendicular Refradiom 
And the Coaft towards which the lines }CL and 
VX are drawn, may be call'd the Coaft of unu- 
fual Refradion. 
• lih like manner Cryftal of the Rock las a 
-) double 
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double Refradion : But the difference of the two 
.Refradions is not fo great and manifeft as in 
'liland Cryftal 

When the beam S T incident on Ifland Cry- 
llal is divided into two beams T V and T X, 
and thefe two beams arrive at the farther Surface 
of the Glafs j the beam T V, which was refra- 
cted at the firft Surface after the ufual manner, 
(hall be again refra6led entirely after the ufual 
manner at the fecond Surface j and the beam T X, 
which was refracted after the unufual manner in 
the firft Surface^ fhall be again refradf ed entirely 
after the unufual manner in the fecond Surface; 
fo that both thefe beams fhall emerge out of the 
fecond Surface in lines parallel to the firfl incident 
beam ST. 

And if two pieces of Ifland Cryflal be pla- 
ced one after another, in* fuch manner that all 
the Surfaces of the latter be parallel to all the 
correfponding Surfaces of the former: The 
Rays which are refraded after the ufual man- 
ner in the firfh Surface of the firfl Cryflal, fhall 
be refraded after, the ufual manner in all the 
following Surfaces ; and the Rays which are re- 
fraded after the unufual manner in the firft Sur- 
face, fhall be rofraded after the unufual manner 
in all the following Surfaces. And the fame thing 
happeils, though the Surfaces of the Cryftais be 
any ways inclined to one «.nother, provided that 
their Pbaies of perpendicular Refradion be pa- 
rallel to one another. 

And therefore there is an original difference 
in the'Rays of Light, by means of which fome 
Rays are in this Experiment conftantly reJ&'ad- 

.ed 



BOOK in. 333 

cd after the ufual manner, and others conftant- 
ly after the unufiial manner : For if the diffe- 
rence be not original, but arifes from new Mo- 
difications imprefs'd on the Rays at their firil 
Refraaion, it would be alter'd by new Modi- 
fications in the three following Refradions j 
whereas it fuffers no alteration, but is conflant, 
and has the fame effed upon the Rays in all the 
Refradions. The unufual Refraction 'is there- 
fore perform'd by an original property of the 
Rays. And it*remains to be enquired, whether 
tjie Rays have not more original Properties than 
are yet difcover'd. 

%. 26. Have not the Rays of Light feveral 
fide$, endued .with feveral original Properties ? 
For if the Planes of perpendicular Refradion 
of the fecond Cryftal be at right Angles with 
the Planes ' of perpendicular Refradion. of the 
firft Cryftal," the Rays which are refraded after 
the ufual manner in paffing through the firft 
Cryftal, will be all of them refradcd after the 
unufual manner in paffing through the fecond 
Cryftal J and the Rays which are refraded af- 
ter the unufual manner in paffing through the 
firft Cryftal, will be all of them refraded after, 
the ufual manner in paffing through the fecond 
Cryftal. And therefore there are not tw6 forts 
of Rays differing in their nature from one ano- 
ther, one of which is conftantly and in all Po- 
iitions refraded after the ufual manner, and the 
other conftantly and in all Pofitions after the 
unufual manner. The difference between the 
two forts of Rays in the Experiment mention'd 
in the 25th Queftion, was only in the Pofitions 

I of 
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of the Siies of the Rays to the Planes of per- 
pendicular Refraction. For one and the fame 
Ray is here refraded fometimes aftel* the ufual, 
and fometimes after the unufual manner, ac- 
cording to the Pofition which its Sides have to 
th6 Cryftals. If the Sides of the Ray are pofi- 
ted the fame way to both Cryftals, it is r^fra- 
d:ed after the fame manner in them both : But 
if that fide of the Ray which looks towards 
the Coaft of the unufual Refradion of the firfl 
Cryftal, be 90 Degrees from that fide of the 
fame Ray which looks toward the Coaft of the 
unufual Refraction of the fecond Cryftal, (which 
may be effected by varying the Pofition of the 
fecond Cryftal to the firft, and by confequence 
to the Rays of Light,) the Ray fliall be refra(5ted 
after feveral manners in the feveral Cryftals, 
There is nothing more required to determine 
whether the Rays of Light which fall upon the 
fecond Cryftal fhall be refraded after the ufual 
or after the unufual manner, but to turn about 
this Cryftal, fo that the Coaft of this Cryftal's 
unufual Refradion may be on this or on that 
fide of the Ray. And therefore every Ray may 
be confider'd as having four Sides or Quarters, 
*two of which oppofite to one another incline 
the Ray to be refrad:ed after the unufual man- 
ner, as often as either of them are turn'd to- 
wards the Coaft of unufual Refra<5tion ; and the 
other two, whenever either of them are turn'd 
towards the Coaft of unufual Refraction, do not 
incline it to be otherwife refraCted than after 
the ufual manner. The two firft may there- 
fore be caird the Sides of unufual RefraCtion. 

And 
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And fince thefe Difpofidons were in the Rays 
before their Incidence on the fecond, third, and 
fourth Surfaces of the two Cryftals, and fuiFcr- 
ed no alteration ( fo far as appears, ) by the Re- 
fra<3:ion of the Rays in their paflage through 
thofe Surfaces, and the Rays were refraded by 
the fame Laws in all the four Surfaces 5 it ap- 
pears that thofe Difpofitions were in the Rays 
originally, and fuifer'd no alteration by the firft 
Refradion, and that by means of thofe Difpofi- 
tions the Rays were refraded at their Incidence 
on the firft Surface of the firft Cryftal, fome of 
them after the ufual, and fome of them after the 
unufual manner, accordingly as their Sidbs of 
unufual Refradion were then turn'd towards the 
Coaft of the unufual Refradion of that Cryftal^ 
or fideways from it. 

Every Ray of Light has therefore two oppo- 
fite Sides, originally endued with a Property on 
which the unufual Refradion depends, and the 
other two oppoiite Sides not endued with that 
Property. And it remains to be enquired, whe- 
ther there are not more Properties of Light by 
which the Sides of the Rays differ, *and are di- 
flinguifh'd from one another. 

In explaining the difference of the Sides of 
the Rays above mention'd, I have fuppofed that 
the Rays fall perpendicularly on the firfl Cry- 
flal. But if they fall obliquely on it, the Suc- 
cefs is the fame. Thofe Rays which are refra- 
ded after the ufual manner in the firft Cryflal, 
will be refraded after the unufual manner in the • 
fecond Cryftal, fuppofing the Planes of perpen- 
dicular 
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dicular Refradion to be at right Angles with one 
another, as alcove ; and on the contrary. 

If the Planes of the perpendicular Refradrion 
of the two Cryftals bfe neither parallel nor per- 
pendicular to one another, but contain an acute 
Angle : The two beams of Light which emerge 
out of the firil Cryftal, will be each of them di- 
vided into two more at their Incidence on the fe- 
cond Cryftal. Fpr in this cafe the Rays in each 
of the two beams will fome of them have their 
Sides of *unufual Refradlion, and fome of them 
their other ^ides turn'd towards the Coaft of the 
unufual Refradion of the fecond Cryftal. 

%/. 27. Are not all Hypothefes erroneous 
which have hitherto been invented for explain- 
irig the Phaenomena of Light, by new Modifica- 
tions of the Rays? For thofe Phaenomena de- 
pend not upon new Modifications, as has been 
luppofed, but upon the original and unchange- 
able Properties gf the Rays. 

^. 28. Are not all Hypothefes erroneous, 
in which Light is fuppofed to confift in Pref- 
fion or Motion, propagated through a fluid Me- 
dium ? For In all thefe Hypothefes the Phaeno- 
mena of Light have been hitherto explain'd by 
fuppofing that they arife from new Modifica- 
tions of the Rays -, which is an erroneous Sup- 
pofition. • 

If Light confifted only in Preffion propaga- 
ted without' adual Motion, it would not be a- 
ble to agitate and heat the Bodies which refrad 
and refled it. If it confifted in Motion propa- 
gated to all diftances in an inftant, it would re- 
quire an infinite force every moment, in every 

ihining 
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ihining Particle, to generate that Motion. "And 
if it confifted in Preffion or Motiooj propaga- 
ted either in an inftant or in time, it would bend 
into the Shadow. For Preffion or Motion 
cannot be propagated in a Fluid in right Lines, 
beyond an Obftacle which flops part of the Mo- 
tion, but will bend and fpread every way into 
the quiefcent Medium ♦which lies beyond the 
Obftade. Gravity tends downwaitds, but the 
Preffure of Water arifmg from Gravity tends 
every way with equal Force, and is propagated 
as readily, and with as much force lideways as 
downwards, and through crooked pallhges as 
through ftaait ones. The Waves on the Surfice 
of ftagnating Water, paffing by the fides of a 
broad Obftacle which ftops part of them, bend 
afterwards and dilate tBemfelves gradually into 
the quiet Water behind the Obftacle. The 
Waves, Pulfes or Vibrations of the Air, where- 
in Sounds confifl, bend manifeftly, though not 
fo much as the Waves of Water. For a Bell 
or a Cannon may be heard beyond a Fl'ill which 
intercepts the fight of the founding Body, afid 
Sounds are propagated as readily through crook- 
ed Pipes as through ftreight ones. But Light 
is never known to follow crooked Paffages nor 
to bend into the Shadow. For the fix'd Stars 
by the Interpofition of any of the Planets ceafe 
to be feen. And fo do the Parts of the Sun 
by the Interpofition of the Moon, Mercury or 
Fenus. The Rays which pafs very near to the 
edges of any Body, are bent a little by the action 
of the Body, as we fhew'd above? but "this 
bending is not towards but from the Shadow, 

Z and 
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and is perform'd only in the palTage of the Ray. 
by the Body, and at a very fmall diftance from 
it. So foon as the ^-ay is paft the Body, it goes 
right on. • 

To explain the unufual Refradion of Ifland 
Cryftal by Preffion or Motion propagated, has 
not hitherto been attempted ( to my knowledge ) 
except by Huygcm^ who for that end fuppqfed 
two feveral vibrating Mediums within that: Gry- 
flal. But when he tried the Refractions in two 
fiicceflive pieces of that Cryftal, and found 
them fuch as is mention'd above; he. confef- 
fed himfelf at a lofs for explaining them. For 
Preffions or Motions, propagated from a fhining 
Body through an uniforln Medium, mufl be 
on all fides alike; whereas by thofe Experi- 
ments it appears, that the Rays of Light. have 
different Properties in their different Sides. He 
fufped:ed that the Pulfes c5f /Ether in paffing 
through the firft Cryftal might receive certain 
nevv Modifications , which might determine 
them to be propagated in this or that Medium 
within the fecond Cryftal , according to the 

Pofition of that Cryftal. 
Mah tour dire comment But what Modifications 

celT fe fait, je nay rlen ^^of^ j^j^J^^ ^^ ^IQ COUld 

trove jMjqu ict qui me fa- ^ ^ i • i r- 

tisfajfe. c. H. de la lumi- HOt lay, nor think of any 
ere. c. 5. p. 91. thing fatisfadory in. that 

Point. And if he had 
known that the unufual Refradion depends not 
on new Modifications, but on the original and 
unchangeable Difpofirionsof theRays, he would 
have found it as'difHcult to explain how thofe 
Difpofitions which he fuppofed to be imprefs'd 

on 
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on the Rays by the firft Cryftal, could be in 
them before their Incidence on that Cryftal^ 
and in general, how all Rays emitted by fhi-. 
ning Bodies, can^ have thofe Difpofitions in 
them from the beginning. To me, at leaft^ 
this feems inexplicable , if Light be nothing 
elfe than Preffion or Motion propagated tkrougli- 

■ Mther, - " • 

And it is as difficult to explain by tliefe Idj-^ 
|5orhefes, how Rays can be alternately in Fits, 
of eafy Reflexion and eafy Tranfmiffion ; uniefs 
perhaps one might fuppofe that there are in all 
'Space two ^Ethereal vibrating Mediums ^ and 
that the Vibrations of one of them conftitute 
Light, and the Vibrations of the other are fwift- 
cr, arid as often as they overtake the Vibrations 
of the firft, put them into thofe Fits. But how 
two Mthers can be diffufed through all Space, 
one of which ad:s upon the other, and hy con- 
fequence is re-a<5led upon', without retarding^ 

■ {battering, difperiing and confounding one an- 
others Motions, is inconceivable. And againft 
filling the Heavens with fluid Mediums, uniefs 
they be exceeding rare, a great Objedioh arifes 
from the regular and very lafilng Motions of 
the Planets and Comets in all manner of Courfes 
through the Heavens. For thence it is mani- 
feft, that the Heavens are void of all fenfible 
Refiftance, and by confequence of all feniible 
Matter. 

For the refifl:in2; Pow^r of fluid Medfums a-' 
rifes partly from the Attrition of the Parts of 
the Medium, and partly from the Vis inertia 
of the Matter.- That part of the Ref fence of 

Z 2r a fphe- 
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3 fpherical Body which arifes from the Attrition 
of the Parts of the Medium is very nearly as the 
Diameter, or, at the moft, as xh^Fadium of the 
Diameter, and the Velocity of the fpherical Bo- 
dy together. And that part of 'the Refiftance 
which arifes from the Vis inertice of the Matter, 
is as the Square of thu FaBum. And by this 
difference the two forts of Refinance may be di- 
.ilinguiili'd from one another in any Medium; 
and thefe being diftinguifh'd, it will be found 
that almoft all the Refinance of Bodies of a com- 
petent Magnitude moving in' Air, Water, Quick- 
iilver, and fuch like Fluids with a competent Ve- ' 
locity, arifes from the Vh inertice of the Parts of 
the Fluid. 

Now that part of the refifting Power of any 
Medium which arifes from the Tenacity, Fri- 
aion or Attrition of the Parts of the Medium, . 
may be diminilh'd by dividing the Matter into 
fmaller Parts, and making the Parts more fmooth 
and flippery: But that part of the Refinance 
which arifes from the Vh inertia, is proportio- 
nal to the Denfity of the Matter, and cannot be 
diminifh'd by dividing the Matter into fmaller 
Parts, nor by, any other means than by decrea- 
fmg the Denfity of the Medium. And for thefe 
Reafons the Denfity of fluid Mediums is, very 
nearly proportional to their Refinance. Li- 
quors which differ not much in Denfity, as Wa- 
ter, Spirit of Wine, Spirit of Turpentine, hot 
Oil, dilFer not much in Refiflance. Water is 
thirteen or fourteen times lighter than Quick- 
lilver, and by confequence thirteen or fourteen 
tinies rarer, and its Refiflance is lefs than that 
■ • of 
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of Quick-filver in the fame Proportion, or there- 
abouts, as I have found by Experiments made 
with Pendukims. The open Air in which we 
breathe is eight or nine hundred times lighter 
than Waterj and by confequence eight or nine 
hundred times rarer, and accordingly its Refi- 
ftance is lefs-than that of Water in the fame 
Proportion, or thereabouts ; as I have alfo found 
by Experiments made with Pendulums. And in 
thinner Air theRefiftance is ftill lefs, and at 
■ length, by ratifying the Air, becomes infenfi- 
ble. For fmall Feathers falling in the open Air 
meet with great Refiftance, but in a tall Glafs 
well emptied of Air, they fall as fail as Lead or 
Gold, as I have feen tried feveral times. Whence 
the Refiftance feems ftill to decreafe in propor- 
tion to the Denfity of the F luid. For I do not 
find by any Experiments, that Bodies moving 
in Quick-filver, Water or Air, meet with any 
ojher .fenfible Refiftance than what arifes from 
the Denfuy and Tenacity of thofe fenfible Flu- 
ids, as they would do if the Pores of thofe Flu- 
ids, and all other Spaces, were filled with a 
denfe and fubtile Fluid. Now if the Refiftance 
in a Veffel well emptied of Air, was but an 
hundred times lefs than in the open Airj it 
would be about a million of times lefs than in 
Quick-filver. But it feems to be much lefs in 
fuch a Vefiel, and ftill much lefs in the Hea- 
vens, at the height of three or four hundred 
Miles from the Earth, or above. For Mr. Boyle 
has ftiew'd that Air may be rarified above ten 
thoufand times in Veffels of Glafs ;• and the 
Heavens are much emptier of Air than any Va- 

Z 3 cuum 
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cuum.^c can make below. For fince the Ak 
is compreis'd. by the Weight of the incumbent 
Atmofphere, and the D^nlity of Air is propor« 
tional to the Force compreffing it, it follows by 
Computation, that at the height Of about fe-? 
ven and a half Engltjh Miles from the Earth, th!e 
Air is four times rarer than at the Surface of the 
Earth J and at the height of 15. Miles it is fix-' 
teen times rarer than that at -the Surface of the 
Earth J and at the height of 22^, 30, or 38 Miles, 
it is refpedively 64, 256, or 1024 tirnes rarer, 
or thereabouts J and at the height of 76, 15:2, 
228 Miles," i€ is about loppooo, jpooooopooooQ, 
or J ppppppopppppppdppp tiijies rarer j and fp 
on. .„, , .^ 

Heat promotes Fluidity very much, by dim i- 
nifhing the Tenacity of Bodies. It makes m^-? 
ny Bodies fluid which are not fluid in cold, and 
increafes the Fluidity of tenacious Liquids, as 
pf Qil, Balfam, and Honey, and thereby de- 
creafes t*heir Refiftajice. .But it decreafes i50t 
the Eeliftance of Water confiderably, a^ it would 
po if any confiderab}e pai:t of the Reflftance of 
Water arofe from the Attrition or Tenacity of 
its Parts. And .therefore the Refiftance of W^-^ 
ter arifes principally and almpfl: entirely from 
the Vis inentia of its Matter j and by. confe-;, 
quence, -if the Heavens wereas.denfe as Wa-- 
ter, they would not have much lefs Reiiftanqes 
thaii Water J if as denfe as Quick-iilver, tji^y 
would not have much lefs Refiftahce than Q^ck- 
filvprj if abfoluteiy denfe, or full of Matter 
without any Vacuum, let the Matter be never. 
io fubtil and fluid, they -wouW haye a greater. 

Refifl:ancQ 
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Refiflance than Quick-filver.' A folid Gjobe in 
fuch a Medium would lofe above. half its Mo- 
tion in moving three times the length' of its 
•Diameter, and a Globe not folid ( fuch as are 
the Planets, ) would be retarded fooner. And 
therefore to make way for the regular and laft- 
iiig Motions of the Planets and Comets, it's ne- 
cefTary to empty the Heavens of all Matter, ex- 
cept perhaps fome very thin Vapour§, Steams, 
or. Effluvia, arifmg from the iVtmofpheres of the 
Earth, Planets, and Conjets, and from fuch an 
exceedingly rare ^^thereal Medium as we de- 
fcribed above. A denfe Fluid can be of no ufe 
for explaining the Phccnomena of Nature, the 
Motions of the Planets and Comets being better 
explain'd without it It ferves only to difturb 
and retard the Motions of thofe great Bodies, 
and make the Frame of Nature languifh : And 
in the Pores of Bodies, it ferves only to ilop 
die vibrating Motions of their Parts, wherein 
their Heat and Adlivity confills. And as it is 
of no ufe, and hinders the Operations of Na- 
ture, and makes her languifli, fo there is no e- 
videncc for its Exiflence, .and therefore it ought 
to be rejeded. And if it be rejeded, the Hy- 
pothefes that. Light confifts in Freilion or Mo- 
tion, propagated through fuch a Medium, are 
rejed:ed v^ith it. 

And for rejeding fuch a Medium, wc have 
the Authority of thofe the oldeft and moil ce- 
lebrated Philofophers of Greece' and Phmiida^ 
who made a Vacuum, and Atoms, and the Gra- 
vity of Atoms, the firft Principles of their Phi- 
Iofophy3 tacitly attributing Gravity to fome o- 
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ther Caufe than denfe Matter. Later Philofo* 
phers baniili the Confideration of fuch a Caufe 
out of natural Philofophy, feigning Hypothefes 
for explaining all things mechanically, and re- 
ferring other Caufes to Metaphyficks : Whereas 
the main Bufmefs of natural Philofophy is to 
argue from Pha^nomena without feigning Hy- 
pothefes, and to deduce Caufes from Effects, 
till we comC' to the very firfl Caufe, which cer- 
tainly is not mechanical ; and not only to un- 
fold the Mechanifm of the World, but chiefly 
to refolve thefe and fuch like Queftions. What 
is there in places almofl empty of Matter, and 
whence is it that the Sun and Planets gravitate 
towards one another, without denfe Matter be- 
tween, them ? Whence is' it that Nature doth 
nothing in vain ; and whence arifes all that Or- 
der and Beauty which we fee in the World? 
To what end are Comets, and whence is it that 
Planets move all one and the fame way in Orbs 
concentrick, while Comets move all manner of 
ways in Orbs very excentrick j and what hinders 
the fix'd "Stars from falling, upon one another ? 
How came the Bodies of Animals to be contri- 
ved with fo much Art, and for what ends were 
their feveral Parts ? Was the Eye contrived 
without Skill in Opticks, and the Ear without 
Knowledge of Sounds,? How do the Motions 
of the Body follow from the Will, and whence 
is the Inftinft in Animals ? Is not the Senfory of 
Animals that place to wdiich the fenfitive Sub- 
.ftance is prefent, and into which the fenfible 
Species of Things ap carried through the Nerves 
and Brain, that there they may be perceived 

by 
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by their immediate prefence to that Subftance ? 
And thefe things being rightly difpatch'd, does 
it not appear from Phaenomena that there is a 
Being incorporeal, living, intelligent, omnipre- 
fent, who in infinite Space, as it were in his Sen- 
fory, fees the things themfelves intimately, and 
thropghly perceives them, and -comprehends' 
them wholly by their immediate prefence to 
himfelf : Of which things the Images only car- 
ried through the Organs of Senfe into our little 
Senforiums, are there fcen and behelH by that 
which in us perceives and thinks. And though 
every true Step made in this Philofophy brings us 
not immediately to the Knowledge of the firil 
Caufe, yet it brings us nearer to it, and on that 
account is to be highly vdued. 

%. 29. Are not the Rays of Light very 
fmall Bodies emitted from fhining Subftances ? 
For fuch Bodies will pafs through uniform Me- 
diums in right Lines without bending into the 
Shadow, which is the Nature of the Rays of 
Light. They will alfo be capable of feveral 
Properties, and be able to conferve their Pro- 
perties unchanged in paffing through feveral 
Mediums, which is another Condition of the 
Rays of Light. Pellucid Subftances ad upon 
the Rays of Light at a diftance in refrading, re- 
fleding, and intieding them, and the Rays mu- 
tually agitate the Parts of thofe Subftances at a 
diftance for heating them j and this Adion and 
Re-adion at a diftance very much refembles an 
attradive Force between Bodies. If Refradion 
be perform'd by Attradion of the Rays, the 
3ines of Incidence muft:be to 'the Sines of Re- 
fradion 
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fradicMi in a given Proportion, as we fliew'd in 
our Principles .of Philofophy : And this Rule is 
true by Experience. The Rays of . Light in 
going out of ,Glafs into it Vacuum^ are bent to- 
wards the Glafs ; and if they fall too obliquely 
, on the Vacuum^ they are bent backwards into 
the Glafs, and totally reflededj and this Refle- 
xion cannot be afcribed to the Refinance of an 
abfolute Vaciium^ but muil be caufed by the 
Power of, the Glafs attrading the Rays at their 
going out of it into the Vacuum, and bringing 
them' back. For if the farther Surface of the 
Glafs be moiften'd with Water or clear Oil, or 
liquid and clear Honey, the .Rays which would 
other^afe be refleded will go into the Water, 
Oil, or Honey ; and therefore are not reflected 
before they arrive at the farther Surface of the 
Glafs, and begin to go out of it. If they go oiit 
of it into the Water, Oil, or Honey, they 
go on, becaufe the .Attradion of the Glafs is 
.almoft balanced and rendered ineiFedual by 
the contrary Attraction of the Liquor. But if 
they go out of it into a Vacuum which has no 
Attraction to balance that of the Glafs, the At- 
tra(5lion of the Glafs either bends and refrad:s 
them, or brings them back and refle«3:s them. 
And this is flijll more evident by laying together 
two Prifms of Glafs, or .two Objed-glafles of 
very long Telefcopes, the one plane, the o- 
ther a little convex, and fo compreffing them 
that they do not fully touch, nor are too far a- 
funder. For the Light which falls upon the 
farther Surface of the firft Glafs where the In- 
terval between the Glaffes is not above the ten' 

hundred 
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' J^undred thoufandch Part of an Inch, will go 
lihrough that Surface, and through the Air or 
Yamum between the GlaiTes, and enter into the 
fecond.Glafs, as was explain'd in the firft, fourth, 
^nd eighth Obfefvations of the Arft P^rt of the 
fcicojod Book. But, if the fecond Glafs be taken 
away, the Light which goes out c£ the fecond 
Surface of che firft Glafs into the Air or Va- 
cuum-i will not -go on forwards, but turns back 
into the firfl: Glafs, and is refle(9;ed \ and there- 
fore it is 'drawn back by tl:ie Power of tlie firft 
iQlafs, there being nothing elfe to turn it back. 
Nothing more is requifite for producing all the 
variety of Colours, and degrees of Refrangibi- 
iity, than that the Rays of Light be Bodies of 
different Sizes, the leafl of which may take 
violet the weakeft and darkeft of the Colours, 
and be more eafily diverted by refracting Sur- 
faces from the right Courle j and the reil: as 
they are bigger and bigger, may make the 
ilronger and more lucid Colours, blue, green, 
yellow, and red, and be more and more diffi- 
cultly diverted. Nothing more is requifite for 
putting, the Rays of Light into Fits of eafy. Re- 
iexion and eafy Tranfmiffion, than that they be 
fmall Bodies which *by their attrad;ive Pov^^rs, 
or fome other Force, Air up Vibrations in what 
they ad" upon, which Vibrations being fwifter 
than the Rays, overtake them fuccelTively, and 
agitate them fo as by turns to increafe and de- 
creafe their Velocities, and thereby put them 
into thofe Fits. And laftly, the unufual Refra- 
<ftion of Illand-Cryftal looks very much as if it 
lyere perform'd by fome kind of attra<5tive -vir- 
' ^ tue 
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tue lodged in certain Sides both of the Rays, 
and of the Particles of the Cryftal. For were 
it not for fome kind of Difpofition or Virtue 
lodged in fome Sides of the Particles of the 
Cryftal, and not in their other Sides, and which 
inclines and bends the Rays towards the Coafl 
of unufual Refra(^ion, the Rays which fall per- 
pendicularly on the Cryftal, would not be re- 
iraded towards that Coaft rather than towards 
any other Coaft, both at their Incidence and* at 
their Emergence, fo as to emerge perpendicu- 
larly by a contrary Situation cf the Coaft of 
unufual Refradion at the fecond Surface} the 
Cryftal ading upon the Rays after they have 
pafs'd through it, and are emerging into the 
Air 5 or, if you pleafe, into a J acuum. And 
iince the Cryftal by this Difpofition or Virtue 
does not ad: upon the Rays, unlefs when one 
of their Sides of unufual Ref radion looks to- 
wards that Coaft, this argues a Virtue or Difpo- 
fition in thofc Sides of the Rays, which an- 
•fwers to, and fympatliizes with tha;t Virtue or 
Difpofition of the Cryftal, as the Poles of two 
Magnets anfwer to one another. And as Mag^ 
netifm may be intended and remitted, and is 
found only in the Magnet and in Iron : So this 
Virtue of refrading the perpendicular Rays is 
greater in Ifland-Cryftal, lefs in Cryftal of the 
Rock, and is not yet found in other Bodies. I 
do not fay that this Virtue is magnetical: It 
feems to be of another kind. I only fay, that 
whatever it be, it's difticult to conceive how 
the Rays of Light, unlefs they be Bodies, can 
have a permanent Virtue in two of their Sides 
I ^ which 
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which is not in their other Sides, and this without 
any regard to their Pofition to the Space or Me- 
dium through which they pafs. 

What I mean in this Queftion by a JCacuum, 
and, by the Attradions of the Rays of Light to- 
wards Glafs or Cryftal, may be undcrftood by 
what was faid in the i8th, 19th, and 20th Quc- 
ftions. 

%f/?. 30. Are not grofs Bodies and Light con- 
vertible, into one another, and* may not Bodies re- 
ceive much of their Adivity from the Particles 
of Light v^hich enter their Com pofition? For all 
• fix'd Bodies being heated emit Light /b long as ' * 
they continue fufficiently hot, and Light mutually 
flops in. Bodies as often as its*Rays ftrike upon 
their Parts, as we fhew'd above. I know no 
Body lefs apt to fliine than Water; and yet Wa- • 
ter by frequent Diilillations changes into fix*d 
.Earth, as Mv. Boyle has try'd; and then this Earth 
being enabled to endure a fufficient Heat, fhines 
by Heat like other Bodies. 

The changing of Bodies into Light, and Light 
into Bodies, is very conformable to the Courfc 
of Nature, vsrhich feems delighted Wnh. Tranf- 
mutations. Water, v^hich is a very fluid taftelefs 
Salt, ihe changes by Heat into Vapour, which is 
a fort of Air, and by Cold into Ice, which is a 
hard, pellucid, brittle, fufible Stone; arid this 
Stone returns into Water by Heat, and Vapour 
returns into Water by Cold. Earth by Heat be- 
comes Fire, and by Cold returns into Earth. 
Denfe Bodies by Fermentation rarify into feve- 
ral forts of Air, and this Air by Fermentation, 
and fometimes without it, returns into denfe 

Bodies. 
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Bodies. Mercury appears fometimes In the htm 
of a fluid Metal, fometimes in the form of a hard 
brittle Metal, fometimes in the form of a corro- 
five pellucid Salt call'd Sublimate, fometimes in 
the forrh of a taftelefs, pellucid, volatile white 
Earth, call'd Mermrius Dulcis; or in that of a 
red opake yolatile Earth, call'd Cinnaber; or in 
that of a red or white Precipitate, or in- that of 
a fluid Salt ; and in Diflillation it turns into 
Vapour, and being, agitated in VacuOy it fhines- 
like Fire. And after all* thefe Changes it re- 
turns again into its firfl form of Mercury. 
'Eggs grow from infenfible Magnitudes, ahd' 
change into Animals j' Tadpoles into *progS ; 
and Worms into 'Flies. All Birds, Beafts and* 
Fiflie's, Infeds,: Trees, and other Vegetables, 
with their feveral Parts, grow out of Water 
and watry Tindures and Salts, and by Putre- 
fadion return again into watry Subftances. And . 
Water ftanding a few Days in. the open A if,. 
yields a Tindure, which ( like that of Malt ) ' by 
ilanding longer yields a Sediment and a .Spi- 
rit, but before Putrefadion is fit Nourifhment 
for Animals, and Vegetables. And among fuch 
various and flrange Tranfmutations, why may^ 
not Nature change Bodies into Light, and Light 
into Bodies? 

^ejl\ 3 1. Have not the fmall Particles of Bo- 
dies certain Powers, Virtues, or Forces, by which 
they ad; at a diftance, not only upon the Rays 
of Light for refleding, refradingi and infled- 
ing them, but alfo upon one another for pro- 
ducing a great Part of the' Phaenomena of Na- 
ture? For it's well known, that Bodies ad 

one 
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Qjie upon, another by the Attradions of Gravity,, 
Magnetifm, and Eledlricity ; and thefe Inftances 
fliew the Tenor andCourfe of Nature, and make 
it not improbable but that there may be more at- 
tractive Powers than thefe. For Nature is very 
confonant and conformable to her felf. How 
. thefe Attractions may be performed, I do not here 
. conliderk * Wlmt I call Attradtion may be per^ 
fbrm'd by impulfe, or by fome other means Un- 
known to me. I ufe that Word here to lignify 
only in general any Force by which Bodies tend 
towards one another, whatfoever be the Caufe, 
For we muft learn from the Pha^nomena of 
Nature what Bodies attract one another, and 
what are the Laws and Properties of the At- 
traction, before we- enquire the Caufe by which 
the Attraction is" perform'd. The Attractions of 
Gravity, Magnetifm, and* EleCtricity, reach to 
Very feniible diftances, and fo have been obferved. 
by vulgar Eyes, and there nlay be others whidi 
reach to fo fmall diftances as hitherto clcape Ob- 
fervationj and perhaps ckCtrical Attraction may 
reach to fuch linall diftances, even v/ithout, being 
" excited by Friclion. ^ 

For wfien Salt of Tartar runs per DeUquium^ 
is not this done by an Attraction betvveen the 
Particles of the Salt of Tartar, and the Parti- 
cles of the Water which lloat in the Air in the 
form of Vapours ? And why does not conimou 
Salt, or Salt-pcirc, or Vitriol, run/t^- Deliquium^ 
but for want of fach an Attraction ? Or why 
docs not Salt, of Tartar dira^v more. Water ouc 
of the Air than in a certain Proportion to its 
quantity, but for want of an attractive Force 
z after 
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after it is fatiated with Water ? And whence 
is it but from this attradive Power that Water 
which alone diftils with a gentle luke-warm 
Heat, will not diftil from Salt of Tartar with- 
out a great Heat ? And is it not from the like 
attractive Power between the Particles of Oil of 
Vitriol and the Particles of Water, tliat Oil of 
Vitriol draws to it a good quantity of Water 
out of eiie Air, and after it is fatiated draws no 
more, and in Diftillation lets go the Water very 
difficultly.? And when Water and Oil of Vi- 
triol poured fucceffively into the fame VelTel 
grow very hot in the mixing, does not this 
Heat arglie a great Motion in the Parts of the 
Liquors ? And does not this Motion argue, that 
the Parts of the two Liquors in mixing coa- 
lefce with Vidlence, and by confequence rufh to- 
wards one another with an accelerated Mo- 
tion ? And when Aqua for tis^ or Spirit of Vi- 
triol poured upon Filings of Iron, diffolves the 
Filings with a great Heat and Ebullition, is not 
this Heat .and Ebullition effeded by a violent 
Motion of the Parts, and does not that Motion 
argue that the acid Parts of the Liquor rufh to- 
wards the Parts of the Metal with violence, 
and run forcibly into its Pores till they get be- 
tween its outmofl; Particles, and the main Mafs 
of the Metal, and furrounding thofe Particles 
loofen them from the main Mafs, and fet* them 
at liberty to float off into the Water ? And 
when the acid Particles, which alone woald 
■ diftil with an eafy Heat, will not feparate from 
the Particles of the Metal without a very vio- 
lent 
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lent Heat, does not this confirm the Attradion 
between them ? 

When Spirit of Vitriol poured upon com- 
mon Salt or Salt-petre makes an Ebullition with 
the Salt, and unites with it, and in Diftillation 
the Spirit of the cpmmon Salt or Salt-petre 
comes over much eafier than it would do be- 
fore, and the acid part of the Spirit of Vitriol 
ftays behind j does not this argue f hat the fix'd 
Alcaly of the Salt attrads the acid Spirit of the 
Vitriol more flrongly than its own Spirit, and 
not being able to hold them both, lets go its 
own? And when Oil of Vitriol is drawn off 
from its weight of Nitre, and from both the 
Ingredients a compound Spirit of Nitre is diftil- 
led, and two parts of this Spirit are poured on 
one part of Oil of Cloves or Carraway Seeds, or of 
any ponderous Oil of vegetable or animal Sub- 
ftances, or Oil of Turpentine thicken'd with a 
little Balfam of Sulphur, and the Liquors grow fo 
very liot in mixing, as prefentiy to fend up a burn- 
ing Flame; does not this ve«y great and fudden 
Heat argue that the tw^o Liquors mix with vio- 
lence, and that their Parts in mixing run to- 
wards one another with an accelerated Motion, 
and cla(h with the-greateft Force? And is it 
not for the fame xeafon that well reftified Spi- 
rit of Wine poured on the fame compound Spi- 
rit flafhes ; and that the I'uhis fulminam, com- 
pofed of Sulphur, Nitre, and Salt of Tartar, 
goe's off with a more fudden and violent Ex- 
plofion than Gun-powder, the acid Spirits of 
the Sulphur and Nitre rulhing towards one an- 
other, and towards the Salt of Tartar, with fo 

A a gteat 
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• great a violence, as by the fliock to turn the 
vdiole at once into Vapour and Fiame ? Where 
the Diiiblution is flow, it makes a fio^w Ebulli- 
tion and a gentle Heat ; and where it is quick- 
er, it makes a greater Ebullition with more 
heat ; and where it is done at once, the Ebul- 
lition is contrailed into a iiidden Blail or vio- 
lent Explofion, with a heat equal to that of 
Fire and Flame. So when a Drachm of the a- 
bove-mention'd compound Spirit of Nitre was 
poured upon half a Drachm of Oil of Carraway 
Seeds in vacuo^ tlie Mixture immediately made 
a iiafli like Gun-powder, and burft the ex- 

, liaufted Receiver, which was a Glafs fix Inches 
wide, and eight Inches deep. And even the 
grois Body of Sulphur powder'd, and with an 
equal weight of Iron Filings and a little Water 
made into rafle, atts upon the- Iron, and in five 
or fix hours grows too hot to *be touch'd, and 
emits a Flame. And by thefe Experiments com- 
pared with the great quantity of Sulphuf with 
which the Earth i^t)ounds, and the v/armth of 
the interior Parts of the Earth, and hot Springs, 
and burning Mountains, and with Damps, mi- 
neral Corufcations, Earthquakes, hot fuffocar 
ting Exhalations, Ilurricaaes, and Spouts > we , 
may learn that Jiilphureous ^Steams abound in 
the Bowels of the Earth and ferment with Mi- 
nerals, and fometimes take fire with a fudden 
Corufcation and Explpfion ; and if pent up in 
fubterraneous Caverns, burft the Caverns with a 
great fhaking of the Earth, as in fpringing of a 
Mine. And then the Vapour generated by the 
Explofion, expiring through the Fores of the 

3 Earth, 
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Earth, feels hot ^nd fufFocat4s$, >fid makes Tem- 
pefts and Hurricanes, and foi|ifSi^>e^ caufes thq 
j^and to Aide, or the Sea to. boil, Jind carriea 
up the Water thereof in Drops, which h^ theii? 
weight fall down again in Spouts. Alfo fome 
fulphureous Steams, at all times when the E&sth 
is dry, afcending into the Air, ferment jheilQ 
with nitrous Acids, and fometimes taking to 
caufe aLigJitning and Thunder, and fiery M4-<" 
teors. For the Air abounds with acid Vapour? 
fit to promote Fermentations, as '.appears by th? 
rufting of Iron and Copper in it, the kindling 
of Fire by blowing, and • the beating of the 
Heart by mfeans of Refpiration. ' Now th§ a- 
bove-mention'd Motions are fo great and violent 
as to ihqjv that in Fermentations the Particles of 
Bodies which aimofl reft, are put into new Mo- 
tions by a very potent Principle, which adls up- 
on them only when they approach one anodifcf, 
and caufes them to meet and clalEli with great vi- 
olence, and grow hot with the motion, and dalh 
one another into pieces, and vaniili into Air, and 
Vapour, and Flame. 

When Salt of Tartar ^er deliqutum^ being 
poured into the Solution of any Metal, preci- 
pitates the Metal j and makes, it fall down to the 
bottom of the Liquor in the form of Mud: 
Poes not this argue that the acid Particles are 
attracted more ftrongly by the Salt of Tartar 
than by the Metal, and by the ftronger Attra- 
d:ion go from the Metal to the Salt of Tartar ? 
And fo when a Solution of Iron m Aqua forth 
diifolves the Lapis Calaminaris, and lets go the 
Iron, or a Solution of Copper diilolves Iron im- 

A a s . merfed 
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merfed in it and lets go the Copper, or a So- 
lution of Silver diflblves Copper and lets go the 
Silver, or a Solution of Mercury in Aqua forth 
being poured upon Iron, Copper, Tin, or Lead, 
diffolves the Metal and lets go the Mercury; 
does not this argue that the acid Particles of 
th^ jiqua fortis 2ir€. attraded more ftrongly by 
the Lapis Caldminaris than by Iron, and more 
ftrongly by Iron than by Copper, and* more 
ftrongly by Copper than by Silver, and more 
llrongly by Iron, Copper, Tin, and Lead, than 
by Mercury? And is it not for the fame reafon 
that Iron requires more Aqua firtu to diffolve 
it than Copper, and Copper more than the other 
Metals 5 and that of all Metals, Iron is diffolved 
moft eafily, andis mofl apt to rull j and next af- 
ter Iron, Copper? 

When Oil of Vitriol is mix'd with a little 
Water, or is run per deliqulum^ and in Diftil- 
lation the. Water afcends difficultly, and brings 
over v^ith it fome part of the Oil of Vitriol in 
the form of Spirit of Vitriol, and this Spirit be- 
ing poured upon Iron, Copper, or Salt of Tar- 
tar, united with the Body and lets go the Wa- 
ter 'y doth not this fhew that the acid Spirit is at- 
tracted by the Water, and more attracted by 
the fix'd Body than by the Water, and there- 
fore lets go the Water to clofe with the fix'd 
Body ? And is it not for the fame reafon that 
the Water and acid Spirits which are mix'd to- 
gether in Vinegar, Aqua fortis,^ and Spirit of 
Salt, cohere and rife together in Diftillation^ 
but if the Menfiruum be poured on Salt of Tar- 
tar, or on Lead, or Iron, or any fix'd Body 

which 
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which it can diffolve, the Acid by a ftrohgcr At- 
tradion adheres to the Body, and lets go tht* • 
Water? And is it not' alfo 'from a mutual At- 
traaion that the Spirits of Soot and Sea-Salt 
unite and compofe the Particles of Sal-armo- 
niaic, which are lefs voliitile than before, be- 
caufe grofler and freer from Water; and that 
the Particles of Sal-armoniac in Sublimation car- 
ry up the Particles of Antimony, which will not 
fublime alone ; and that the Particles of Mer- 
cury uniting with the acid Particles of Spirit 
of Salt compofe Mercury fublimate, and with 
the Particles of Sulphur, compofe Cinnaber; 
and that the Particles of Spirit of Wine ^nd 
Spirit of Urine well redified unite, and letting 
go the Water which diifolved them, compofe a 
confiftent Body; and that in fubliming Cinna- 
ber from Salt of Tartar, or from quick Lime, 
the Sulphur by a ftronger Attradlion of the Salt 
or Lime lets go the Mercury, and (lays with 
the fix'd Body ; and that when Mercury fubli- 
mate is fublimed from Antimony, or from Re- 
gulus of Antimony, the Spirit of Salt lets go the 
Mercury, and unites with the antimonial Me- 
tal which attrads it more ftrongly, and ftays 
with it till the Heat be great enough to make 
them both afcend together, and then carries ; 
up the Metal with it in the form of a very fu- 
fible Salt, called Butter of Antimony, although 
the Spirit of Salt alone be almoft as volatile as 
Water, and the Antimony alone as fi^'d as 
Lead ? 

When ^gi{a forth diflblves Silver and not 
Cold, and j^^ua regia diffolves Gold and not 
^ A a 3 Silver, 
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Silyjery may it mt^ho ikid that y^quiz forth is 
. fyfetil enough to penetrate Gold as well as Sii* 
v€f, but wants the attradive; Force to give it 
Entrance; iinAxhsit Aqua r^|"/^ is fubtil enough 
to penetrate Silver as well as Gold, but wants 
the attradive Force t© give it Entrance ? For 
Aqua regia is nothing dljfe than Aqua forth 
mix'd with fome Spirit of Salt, or with Sal-ar« 
jnoniac ; and even common Salt diflblved in A* 
qua fortis, enabjes the Menjiruum to diflblve 
Gold, though the Salt be a grofs Body. When 
therefore Spirit of Salt precipitates Silver out 
Q^ Aqua forth ^ is it not done by attrading and 
mixing with the -^^2.f^ /of/?j, and not attrad:-^ 
Jngj or perhaps : repelling Silver? And when 
Water precipitates Antimony out of the Subli- 
• mate of Antimony and Sal-armoniac, or out of 
Butter of Antimony, is it not done by its dif- 
folving, mixing with, and weakening the Sal- 
armoniac or Spirit of Salt, a*id its, not attracft- 
ing, or perhaps repelling the Antimony ? And 
is it not for want of an attradive virtue be- 
tv/een the Farts of Water and Oil, ^f Quick- 
iilver and Antimony, of Lead and Iron, that 
thefe Subilances do not mix; and by a weak 
Attradion, that Quick-lilver and Copper mix 
difficultly ; and from a ftrong one, that Quick- 
lilver and Tin, Antimony and Iron, Water and 
Salts, mix readily? And in general, is it not 
from the fame Principle that Heat congregates 
homogeneal Bodies, and feparates heterogeneal 
ones? 

When Arfenick with Soap gives a Regulus, 
and v^ith Mercury fublimate a volatile fuiible 

Salt, 
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Salr, like Butter of Antimony, doth not tMs 
: fhew^ that Arfenick, which is a Subftance totally 
volatile, is compounded of Jix'd and volatiM 
Parts, ftrongly cohering by a mutual Attradion, 
fo that the volatile will not afcend without car- 
rying up the fixed ? And fo, when an equal 
•'w^eight of Spirit of Wine and Oil of Vitriol 
are digefted together, and in Diftillation yield 
tv^ro fragrant and volatile Spirits which w ill not 
mix with one another, and a fix'd black Earth 
remains behind j doth not this fliew that Oil of 
Vitriol is compofed of volatile and fix'd Parts 
ftrongly united by "Attradion, fo as to afcend to- 
gether in form of a volatile, acid, fluid Saltj 
until the Spirit of Wine attrafts and feparates 
the volatile Parts from the fixed r And there- 
fore, fince Oil of Sulphur per Cdmptmam is of 
the fame Nature with Oil of Vitriol, may it not 
be inferred, that Sulphur is alfo a mixture of 
volatile and fix'd Parts fo ftrongly colicring by 
Attradion, as to afcend together in Sublima- 
tion. By dilTolving Flowers of Sulphur in Oil 
of Turpentine, and diftilling the Solution, it is 
found that Sulphur is compofed of an infiama- 
ble thick Oil or fat Bitumen, an acid Salt, a 
very fix'd Earth, and a little Metal. ' The three 
firft w^re found not much unequal to one 
another, the fourth in fo fmall a quantity as 
fcarce to be w^orth confidering. * The acid Salt 
difix)lved in Water, is the famerwith Oil of SbI^ 
phur per Cafjipanam, and abounding much in 
the Boi\Tls of the Earth, and particularly in 
Markafites, unites it felf to the otlier Ingredi- 
e;its of the Markafite, v/hich are, Bitumen, I- 

A a 4 ron, 
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ron. Copper, and Earth, and with them com- 
pounds x^Uum, Vitriol, and Sulphur. With the 
Earth alone it compounds Allum 5 with the Me- 
tal alone, or Metal and Earth together, it com- 
pounds Vitriol ; and with the Bitumen and Earth 
it compounds Sulphur. Whence it comes to 
pafs that Markaiites abound with thofe three Mi- 
nerals. And is it not from the mutual Attra<5tipn, 
of the Ingredients that they ftick together for 
compounding thefe Minerals, and that the Bitu- 
men carjies up the other Ingredients of the Sul- 
phur, which without it would not fublime } And 
the fame Queftion may be put concerning all, 
• or almofl all the grofs Bodies in Nature. For 
all the Parts of Animals and Vegetables are com- 
pofed of Subflances volatile and fix'd, fluid and 
iblid, as appears by their Analyfis ; and fo 
are Saks and Minerals, fo far as Chymifts have 
been liitherto able to exaifkine their Compoli- 
tion. 

When Mercury fublimate is re-fublimed with 
frefli Mercury, and becomes Mercurius Dukis'y 
which is a white taflelefs Earth fcarce diiTolva- 
ble in Water, and Mercurius Didcis re-fublimed 
with Spirit of Salt returns into Mercury fubli- 
mate J and when Metals corroded with a little 
acid turn into rufc, v/hich is an Earth taflelefs 
and indiifolvable in Water, and this Earth im- 
bibed with more ac'id becomes a mctallick 
Salt y and when /ome Stones, as Spar of Lead, 
diiTolved in proper Menfiruiuin become Salts ; 
do not thefe things ihcw that Salts are dry Earth 
and watry Acid united by Atrradion, and that 
the Earth will not become a Salt without fq 

much 
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much acid as makes it difiblvable in Water ? Do 
not the fliarp and pungent Taftes of Acids 
arife from the ftrong Attradion whereby the 
acid Particles rufh upon and agitate the Par- 
ticles of the Tpngue ? And when Metals are dK- 
folved in acid Menjiruums^ and the Acids in 
corfjundion with the Metal ad: after a diiierent 
manner, fo that the Compound has a different 
Tafte much milder than before, and fometimes 
a fweet one; is it not becaufe the Acids ad- 
here to the metallick Particles, and thereby 
lofe much of their Adivjty ? And if the Acid 
be in too fmall a Proportion to make the Comh* 
pound dilTolvable in Water, will it not by .ad- 
hering ftrongly to the Metal become unadive and 
lofe its Tafte, and the Compound be a taftelefs 
Earth ? For fuch things as are not diffolvable by 
the Moifture of the Tongue, ad not upon the 
Tafte. 

A^ Gravity makes the Sea flow round the 
denfer and weightier Parts of the Globe of the 
Earth, fo the Attradion may make the watry 
Acid flow round the denfer and compader Par- 
ticles of Earth for conipofing the Particles of 
Salt. For otherwife the Acid would not do 
the Office of a Medium between the Earth and 
common Water, for making Salts diiTolvablc in 
the Water; nor would Salt of Tartar .readily 
draw off the Acid from dilTolved 'Metals, nor 
Metals the Acid from Mercury. Now, as in tjic; 
great Globe of the Eai'th and Sea, the denfeft 
Bodies by their Gravity fink down in Water, 
and always endeavour to go towards the Cen-< 
ter of the Globe ; fo in Particles of Salt, thp 

denfeft: 
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denfefl Matter may always endeavour to approacH 
the Center of the Particle : So that a Particle of 
Salt may.be compared to a Chaos 5 being denfe; 
hard, dry, and earthy in the Center j and rare,' 
foft, moift, and' watry in the Circun^ference; 
And hence it feems to be that Salts are of a 
lafting Nature, being fcarce dellroy'd, unlefs* by 
drawing away their watry Parts by violence, 
or by letting them foak into the Pores of the 
central Earth by argentic Heat in Putrefa- 
ction, until the Earth be diiTolved by the Wa- 
ter, and feparated into fmaller Particles, which 
by reafon of their Smallnefs make the rotten 
Compound appear of a black Colour. Hence 
alfo it m^y be, that the Parts of Animals and 
Vegetables prefer ve their feveral Forms, and 
aflimilate their Nourifliment ; the foft and moift 
Nourifhment eafily changing its Texture by a 
gentle Heat and Motion, till it becomes like the 
denfe, hard, dry, and durable Earth in the Cen- 
ter of each Particle. But when' the Nourifh- 
ment grows unfit to be affimilated, or the cen-^ 
tral Earth grows too feeble to affimilate it, the 
Motion ends in Confufion, Putrefadion, and 
Death. 

If a very fmall quantity .of any Salt or Vitriol 
be diffolved in a great quantity of Water, the 
Particles of the Salt or Vitriol will not fin^ to 
the bottom, though they be heavier in Specie 
than the Water, but will evenly diffufe them- 
felves into all the Water, fo as to make it as fa- 
line at the top as at the bottom. And does not 
this imply that the Parts of the Salt or Vitriol 
recede from one another, and endeavour to ex- 
. pand 
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pand themfelves, land get as far afunder as the 
quantity of Water in which they float, will al- 
low ? And does not this Endeavour imply that 
they have a repuifive Force by which they fly 
from one another, or at leaft, that they attrad: 
the Water more ftrongly than they do one ano- 
ther ? For as all things afcend in Water which 
are lefs attradled than Water, by the gravitating 
Power of the Earth j, fo all the Particles of Salt 
which float in Water, and are lefs attradted than 
Water % any one Particle of 'Salt, mufl: recede 
from that Particle, * and give way to the more at- 
tracted Water. 

When any faline Liquor is evaporated to a Cu- 
ticle and let cool, the Salt concretes in regular 
Figures ; which argues, that the Particles of the 
Salt before they concreted, floated in the Liquor 
at equal diftances in rank and file, and by conf^ 
quence that they ad:ed upon one another by fome 
Power whiih at equal diitances is equal, at une- , 
qual diilances unequal. For by fuch a Power 
they will range .themfelves uniformly, and with- 
out it they will float irregularly, and come to- 
gether as irregularly. And lince the Particles 
of Ifland-CryJlal ail all the fame way upori 
the Rays of Light for caufing the unufuaPRe- 
fradion, may it not be fuppofed that in the For- 
mation of this Cryfl:al, the Particles not only 
ranged themfelves in rank and file for concreting 
in regular Figures, but alfd by fome kind of po- 
lar Virtue turned their homogeneal Sides the 
fame way. 

The Parts of all homogeneal hard Bodies 
which fully touch one another, flick together 

very^ 
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very ftrongly. And for explaining how this 
may be^ fome have invented hooked Atoms', 
which is begging the Queftions and others tell 
us that Bodies are glued together by reft, that 
is, by an occult Quality, or rather by nothing; 
and others, that they ftick together by confpi- 
ring Motions, that^is, by relative reft amongft 
themfelves. I had rather infer from their Co- 
hefion, that their Particles attradl one another by 
fome Force , which in immediate Contad is ex- 
ceeding ftrong, at fmall diftances performs the 
chymical Operations above-mention 'd , • and 
reaqhes not far from the Particles with any fenfi- 
bleEffea. 

All Bodies feem to be compofed of hard Par-- 
tides : For otherwife Fluids would not congeal ; 
as Water, Oils, Vinegar, and Spirit or Oil of 
Vitriol do by freezing ; Mercury by Fumes of 
Lead; Spirit of Nitre and Mercury, by diffol- 
ving the Mercury and evaporating fhe Flegm ; 
Spirit of Wine and Spirit of Urine, by deflegm- 
ing and mixing themj and Spirit of Urine and 
Spirit of Salt, by fubliming them together to 
make Sal-armoniac. **Eyen the Rays of Light 
feem to be har^ Bodies; for otherwife they 
would not retain different Properties in their 
diiferent Sides. And therefore Hardnefs may 
be reckon'd the Property of all uncompounded 
Matter. At leaft, this feems to be as evident 
as the univerfal Impenetrability of Matter. For 
all Bodies, fo far as Experience reiaches; are ei- 
ther hard, or may be harden'd; and we have 
no other Evidence of univerfal Impenetrabilityj 
befides a large Experience without an experi^ 

mental 
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mental Exce|)tioh. Now if compound Bodies 
are (o very hafd as we find fome of them to 
be, and yet are very porous, and confift of Parts 
which are only laid together^ the fimple Par- 
ticles which are void of Poi%s, and were never 
yet divided, muft be much harder. For fuch 
hard Particles being heaped up together, can 
fcarce louch one another in more than a few 
Points, and therefore muft be feparable by- 
much 'lefs Force than is requifite to break a fo- 
114 Particle, whofe Parts touch in all the Space 
between them, without any Pores or Ihteritices 
to weaken their Cohefion. And how fuch ve- 
ry hard Particles which are only laid together 
and touch only in a few Points, can lliick toge- 
ther, and that fo firmly as they do, without the 
afiiftance'of fometbing which caufes them to 
be attrad:ed or prefs'd towards one another, is 
very difficult to conceive.* - * 

The fame thing I infer alfo from the cohe- 
ring of two polidi'd Marbles in vacuo, and from 
the {landing of Quick- filver in the Barometer at 
the height of 50, 60 or 70 Inches, or abovc^ 
when ever it is well-purged of Air and careful- 
ly poured in, fo that it« Parts be every where 
contiguous both to one another and to the 
GlaJs. The Atmofphere by its weight prcfTes 
the Quick-filver into the Glafs, to the height of 
29 or 30 Inches. And fome other Agent raifes 
it higher, not by preifmg it into the Glafs, buc 
by making its Parts flick to the Glafs, and to 
one another. For upon any difcontinuation of 
Parts, made either by Bubbles or by (baking the 

Glafs, 
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Glafs, the whole Mercury falls down to the 
height of 2 9 or 3 o Inches. 

And of the fame kind with thefe Experi- 
ments are thofe that follo\y. If two plane po- 
lifh'd Plates of Gla^ ( fuppofe two pieces of a 
poliih'd Looking-glafs) be laid together, fo that 
their fides be parallel and at a very fmall di- 
ftance from one another, and then their lower 
edges be dipped into Water, the Water will 
rife up between them. And the lefs the di- 
ftance of the Glaffes is, the greater will be the 
height to which the Water will rife. If the 
diftance be about the hundredth part of an Inch, 
the Water will rife to the height of about an 
Inch J and if the diftance be greater or lefs in 
any Proportion, the height will be reciprocally 
proportional to the diflance very neatly. For 
the attradive Force of the GlalTes is the fame, 
whether the diflance between them be greater 
or lefs; and the weight of the Water drawn 
up is the 'fame, if the height of it be 'recipro- 
cally jproportional to the diflance of. the Glafies. 
And in like manner, Water afcends between 
two Marbles poliih'd plane,* when their polifhed 
fides are parallel, and, at a very, little diflance 
from one another. And if (lender Pipes of 
Glafs be dipped at one end into ilagnating Wa- 
ter, the Water will rife up within the Pipe, and 
the height to which it rifes will be reciprocally 
proportional to the Diameter of the Cavity of 
the Pipe, and will equal the height to which it 
rifes between two Planes of Glafs, if the Semi- ' 
diameter of the Cavity of the Pipe be equal to 
the diilance between the Planes, or thereabouts. 

And 
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And rhefe Experiments fucceed after the fame 
manner in vacuo as in the open Air, ( as hath 
been tried before the Royal Society, ) and there- 
fore are not influencec^ by the Weight or Pref- 
fure of the Atinofphere. ' 

And if a large Pipe of Glafs be filled with 
fifted Aflies well prelTed together in the Glafs, 
and one epd of the Pipe be dipped into ftagna- 
ting Water, the Water will rife up flowlyin 
the Afhes, fo as in the fpace of a Week or Fort- 
night to reach up within the Glafs, to the height 
of 30 or 40 Inches above the ftagnating Water. 
And the Water rifes up to ^ this height by the 
Aaion only of thofe Particles of the Aihes which 
are upon the Surface of the elevated Watery 
the Particles which are within the Water, at* 
trading or repelling it as much downwards as 
upwards. And therefore the Adlion of the Par- 
ticles is very ftrong. But the Particles of the 
Aflies being not fo denfe and clofe together 
as thofe of Glafs, their Adion is not' fo lirong 
as that of Glafs, which keeps Quick-fiivcr ful- 
pended to the height of 60 or 70 Inches, and 
therefore ads with a Force which would keep 
W.ater fufpended to the height of above 60 
Feet. * * , 

By the fame Principle, a Sponge fucks in 
Water, and the Glands in the Bodies; of Ani- 
mals, according to their feveral Natures and 
Difpoiitions, fuck in various Juices from the 
■BlooH. 

If two plane polidf d Plates of Gafs three or 
four Inches broad, and twenty or twenty five 
long, be laid one of them parallel to the Ho- 



rizon, 
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rizon, the other upon the firft, fo as at one of 
their enjis to ^ouch one another, and contain art 
Angle of about i6 or 15 Minutes, and the fame 
be firft moiften'd on their inward fides with a 
clean Cloth dipp'd into Oil of Oranges or Spirit 
of Turpentine, and a Drop or two of the Oil 
or Spirit be let fall upon the lower -Glafs at the 
other end; fo foon as the upper Glafs is laid 
down upon the lower, fo as to touch it at one 
end as«above, and to touch the. Drop at the other 
end, making with the lower Glafs an Angle of 
about 10 or 15 Minutes; the Drop will begin to 
move towards the Goncourfe of the Glaifes, and 
will continue to move with an accelerated Mo- 
tion, till it arrives at that Concourfe of the 
GlalTes. For the two Glaffes attrad the Drop, 
and make it run that way towards which the At- 
tradions incline. And if when the Drop is in 
motion you lift up that end of the Glaffes where 
they meet, and towards which the Drop moves, 
the Drop will afcend between the Glaifes, and 
therefore is attracted. And as you lift up the 
Glaffes more and more, the Drop will afcend 
flower and flower, and at length reft, being then 
carried downward by its Weight, as much as up- 
wards by the Attradion. And by this means 
you may know the Force by which the Drop is 
attraded at all diflances from the Concourfe of 
the Glaffes. * ^ 

Now by fome Experiments of this .kind, 
(made by Mr. Hauksbee) it has been found that 
the Attraction is almoft reciprocally in a dupli- 
cate Proportion of the diftance of the middle 
of the Drop from the Concourfe of the Glaffes, 
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viz. reciprocally in a fimple Proportion, by rea- 
fon of the fpreading of the Drop, and its touch- 
ing each Giafs in a larger Surface j and again re- 
ciprocally in a iimple Proportion, by reaibn of 
the Attradions -growing ftfonger within the 
fame quantity of attracting Surface. The At- 
£ra<5tion therefore within the fame quantity of 
attra<5ting Surface, is reciprocally as the diftance 
between the Glaflis. And therefore where the 
diftance is exceeding fmall, the Attrad:ion muft 
be exceeding great. By the Table in the fe- 
cond Part of the fecond Book, wherein the 
thickneiles. of 'colour'd Plates of Water be- 
tween two Giailes are fet down, the thicknefs 
of the Plate where it appears very black, Is 
three eighths df the ten hundred thoufandth 
part of an Inch. And where the Oil of O- 
ranges between the GlalTes is of this thicknefs, 
the Attraction collected by the foregoing Rule, 
feems to be fo ftrong, as within a Circle of an 
Inch in diameter, to fuffice to hold up a 
Weight equal to that of a Cylinder of Water 
of an Inch in diameter, and two or three Fur- 
longs in length. And where it is of a' lefs 
thicknefs the Attradion may be proportic«ially 
greater, and continue to increafe, until the 
thicknefs do not exceed that of a finglc Par- 
ticle of the Oil. There are therefore Agents 
in Nature able to make the Particles of Bo- 
dies flick together by very ftrong Attradions. 
And it is the Bufmefs of experimental Philofophy 
to find them out.' ' 

B b Now 



370 O P T I C K S. 

Now the fmallefl Particles of Matter rnay co- 
here by the ilrongeft Attradions, and compofe 
bigger Particles of weaker Virtue j and many of 
thefe may cohere and compofe bigger Particles 
whofe Virtue is ftill* weaker, and fo on for divers 
Succeffions, until the Progreffion end in the big- 
gefl Particles on which the Operations in Chymi- 
itry, and the Colours of natural Bodies depend, 
and which by cohering compofe Bodies of a fen- 
fible Magnitude. If the Body is compact, and 
bends or yields inward to Preffion without any 
Hiding of its Parts, it is hard and elaftick, re- 
turning to its Figure with* a Force rifing from 
the mutual Attradion of its Parts. If the* 
Parts Hide upon one another,- the Body is mal- 
leable or foft. If they flip eafily, and are of a 
fit Size to be agitated by Heat, and the Heat is 
big enough to keep them in Agitation, the Body* 
is fluid J and if it be apt to (lick to things, it is 
humid J and the Drops of every fluid afied a 
round Figure by the mutual Attradion of their 
Parts, as the Globe of the Earth and Sea afFedis a 
round Figure by the mutual A ttradion of its Parts 
by Gravity, 

Since Metals difTolved in Acids attrad: but a 
fmall quantity of the Acid, their attradiive Force 
can reach but to a fmall diflance from them. 
And as in Algebra, where affirmative Quanti- 
ties vanifh and ceafe, there negative ones be- 
gin 5 fo in Mechanicks, where- Attradion cea- 
fes, there a repuifive Virtue ought to fucceed. 
And that there is fuch a Virtue, feems to fol- 
low from the Reflexions and Inflexions of thp 
I Rays 
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Rays of Light. For the Rays are repelled by 
Bodies in both th^fe Cafes, without the imme- 
diate Contad: of the reflecting or inflexfting Bo-* 
dy. It feems alfo to follow from the Emiffion 
of Light J the Ray fo foon as it is fhaken off 
from a fhining Body by the vibrating Motion of 
the Parts of . the Body, and gets beyond the 
reach of Attraction, being driven aw^y with ex- 
ceeding great Velocity. For that Force which 
is fufficient to turn it back in Reflexion, may 
be fufficient to emit it. It feems alfo to fol- 
low from the Production of Air and Vapour. 
The Particles when they are fhaken oiF from 
Bodies by Heat or Fermentation, fo foon a§ 
they are beyond the reach of the Attradliion of 
the Body, receding from it, and alfo from one 
another with great Strength, and keeping at a 
diftance, fo as fometimes to take up above a 
Million of Times more fpace than they did be- 
fore in the form of a denfe Body. Which vail 
Contraction and Expanfion feems unintelligible, 
by feigning the Particles of Air to be fpringy 
and ramous, or rolled up like Hoops, or. by 
any other means than a repulfive Power. The 
Particles of Fluids which do not cohere too 
ftrongly, and are of fuch a Smallnefs as renders 
them moft fufceptible of thofe Agitations which 
keep Liquors in .a Fluor, are moft eafily fepa- 
rated and rarified into Vapour, and in the Lan- 
guage of the Chymifts, they. are volatile, rari- 
fying with an eafy Heat, and condenfnig with 
Cold. But thofe which are groll'er, and fo lefs 
iufceptible of Agitation, or cohere by a ftronger 
B b 2 Attraction, 
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Attradion, are not feparated without a ftrongef 
Heat, or perhaps not without Fermentation. 
And thefe laft are the Bodies which Chymifts 
call fix'd, and being rarified by Fermentation, 
become true permanent Air ; thofe Particles re- 
ceding from, one another- with the greateft 
Force, and being moil difficultly brought toge- 
ther, which upon Contad: cohere moft ftronglj. 
And becaufe the Particles of permanent Air are 
grolTer, dnd arife from denfer Subftances than 
thofe of Vapours, thence it is that true Air is 
more ponderous than Vapour, and that a moift 
Atmofphere is lighter than a dry one,' quantity 
for quantity. ' From the fame repelling Power 
it feems to be that Flies walk upon the Wa- 
ter without wetting their Feet j and that the 
Objed-glalTes of long Telefcopes lie upon one 
another without touching j and that dry Pow- 
ders are difficultly made to touch one ano- 
ther fo as to ftick together," unlefs by melting 
them, or wettiiig them with Water, which by 
exhaling may bring them together j and that 
two.poliili'd Marbles, which by immediate Con- 
tad ftick together, are difficultly brought fo 
clofe together as to ftick. 

And thus Nature will be Very conformable 
to her felf and very iimple, performing all th& 
great Motions of the heavenly Bodies ' by the 
Attradion of Gravity which intercedes thofe 
Bodies, and almoft all the fmall ones of their 
Fiirticles by fome other attrad:ive and repelling 
Powers which intercede the Particles. The 
■Vis imrtm is a paiTive Principle by which Bo- 
dies 
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dies perfift in their Motion or Reft, receive Mo- 
tion in proportion to the Force imprefiing it, 
and refift as much "as they are refifted. . By 
this Principle alone there never could have been 
any Motion in the World. Some other Principle 
was neceffary for putting Bodies into Motion; 
and now they are in Motion; fome other Prin- 
ciple is neceflaiy for conferving the Motion. 
For from the various Compofition of two Mo- 
tions, 'tis very certain that there is not always 
the fame quantity of Motion in the World. For 
if two Globes joined by a .jQender Rod, revolve 
about their common Center of Gravity with 
an uniform Motion, while that Center nioves 
on uniformly in a right Line drawn in the 
Plane of their circular Motion ; the Sum of 
the Motions of the two Globes, as often as the 
Globes are in the right Line defcfibed by their 
common Center of Gravity,- will be bigger than 
the Sum of their Motions, when they are in a 
Line perpendicular to that right Line. By this 
Inftance it appears that Motion mdy be got or 
loft. But by reafon of the Tenacity of Fluids, 
and Attrition of their Parts, and the Weakn€|^ 
hi Elafticity "in Solids, Motion is much more 
apt to be loft than got, and is always upon iht 
Decay. For Bodies which are either abfoktely 
hard, or fo foft as to be void of Elafticity, 
will not rebound from one another. Impene- 
trability makes them only ftop. If tw-o equal 
B<Kiies meet diredly in vaeuo, they will by the 
Laws of .Motion ftop where they meet, and 
lofe ail their Motion, and remain in reft, unkft 

B b 3 they 
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they be elaftick, and receive new Motion from 
their Spring. If they, have fo much Elafticity 
as fufiices to make them re- bound Vi^ith- a quar- 
ter, or half, or three quarters of the Force with 
which they come together, they will lofe three 
quarters, or half, or a quarter of their Motion. 
And this may be- try'd, by "letting two equal 
Pendulums fall againft.one another from equal 
heights. If the Pendulums be of Lead or foft 
Clay, they will lofe all or almoft all their Mo- 
tions : If of elaftick Bodies they will lofe all but 
what they recover from their Elafticity. If it 
be faid, that they can lofe no Motion but what 
they communicate to other Bodies, the confe- 
quence is, that in vacuo they can lofe no Mo- 
tion, but wlien they meet they muft gQ on and 
penetrate one anotiier's Dimenfions. If three 
equal round Veilels be filled, the one with Wa- 
ter, the other with Oil, the third with molten 
Pitch, and the Liquors be ftirred about alike 
to give them a vortical Motion ; the Pitch by 
its Tenacity will lofe its Motion quickly, the 
Oil being lefs tenacious will keep it longer, and 
the Water being lefs tenacious will keep it long- 
eTt, but yet will lofe it in a (hort time. Whence 
it is eafy to underfland, that if many contiguous 
Vortices of molten Pitch were each of them as 
large as thofe which fome fuppofe to revolve 
about the Sun and fix'd Stars, yet thefe and all 
their Parts would, by their Tenacity and Stiffnefs, 
communicate their Motion to one another till 
they all refted among themfelves. Vortices of 
Oil or Water, or fome fiuider Matter, might 

continue 
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continue longer in Motion ; but unlefs the Mat- 
ter were void of all Tenacity and Attrition *i of 
Parts, and* Communication of Motion, (which 
is not to be fuppofed,) the Motion would con- 
ftantly decay. Seeing therefore the variety of 
Motion which we find in the World is always 
decreafing^ there is a neceflity of confer ving 
and recruiting it by adive Principles, fuch as 
are the caufe of Gravity, by which Planets and 
Comets keep their Motions in their Orbs, and 
Bodies acquire great Motion in falling ; aftd the 
caufe of Fermentation, by which the Heak-and 
Blood of Animals are kept in perpetual Motion 
and Heat j the inward Parts of the Earth are 
conftantly warm'd, and in fome places grow 
very hot j Bodies burn and ihine, Mountains 
take Fire, the Caverns of the Earth are blown 
up, and the Sun continues violently hot and 
'lucid, and warms all things by his Light* For 
we meet with very little Motion in the World, 
befides what is owing to thefe adive Principles. 
And if it were not for thefe Principles, the Bo- 
dies of the Earth, Planets, Comets, Sun, and 
all things in them, would grow cold and freeze^ 
and become inactive Maifes j and all Putrefa.dti- 
on, Generation, Vegetation and Life would ceafe, 
and the Planets and Comets would not remain in 
their Orbs. 

All thefe things being confider'd, it feems pro- 
bable to me, that God in the Beginning form'd 
Matter in folid, malTy, hard, impenetirable, move- 
able Particles, of fuch Sizes and Figures, and with 
fuch other Properties, and in fuch Proportion 
. Bb 4 '• to 
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to Space, as moft conduced to the End for 
which he form'd them j and that thefe primi- 
tive Particles being Solids, are incomparably 
harder than any porous Bodies compounded of 
them J even.fo very hard, as never to wear or 
break in pieces 5 no ordinary Power being able 
to divide what God himfelf made one in the firft 
Creation. While- the Particles continue entire, 
they may compofe Bodies of one and the fame 
Nature and Texture in all Ages: But fhould 
they wear away, or break in pieces, the; Nature 
of Things depending on them, v/ould be chan- 
ged. Water and Earth, compofed of old worn 
Particles and Fragments of Particles, would noc 
be of the fame Nature and Texture nov7, with 
Water and Earth compofed of entire Particles 
in the.Beginning. And therefore, that Nature 
may be lafting, the Changes of corporeal Things 
are to be placed only in the various Separations 
and new Afibciations and Motions of thefe per- 
raancnt Particles 5 compound Bodies being ^pt- 
to break, not in the midft of folid Particles, but 
where thofe Particles are laid together, and only 
touch m a few Points. 

It feems to me farther, that thefe Particles 
have not only a Vis inertice^ accompanied with 
fuch paffive Laws of Motion as naturally refult 
from that Force, but alfo that they are moved 
by certain adive Principles, fuch as is that of 
CJravity, and that which caufes Fermentation, 
and the Cohefion of Bodies. Thefe Principles, 
I confider, not as occult Qualities, fuppofed to 
refult from the fpeciHck Forms of Things, but 

• as 
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as general Laws of Nature, by whicH the Things • 
themfelves ar.e form'd ; their Truth appearing 
to us by Phjenomena,- though their Caufes be 
not yet difcover'd. For thefe.are manifeil Qua- 
lities, and their Caufes only are occult. And 
the Arijiotelians gave the Name of occult Qua^ 
Uties, not to manifeil Qualities, but to fuch 
Qualities only as they fuppofed, to lie hid in 
Bodies, and to be the unknown Caufes of ma- 
nifeft EfFeds : Such as would be the Caufes of 
Gravity, and of magnetick and eledtrick At- 
tradions, and of Fermentations, if we fliould 
fuppofe that thefe Forces or Actions arofe from 
'Qualities unknown to us, and uncapable of be- 
ing difcovered and made manifcft. ' Such oc- 
cult Qualities put a flop to the Imiprovement 
of natural Philofophy, and therefore of late ' 
Years have been rejedled. To tell us that e- 
very Species of Things is endow'd with an oc- 
cult fpecilick Quality by which it ads and pro- 
duces manifeft Eftedls, is to tell us nothing: But 
to derive two or three general Principles of Mo- 
tion from Plvcenomena, and afterwards to tell us 
how' the Properties and A(5lions of all corporeal 
Things follow from thofe manifeil Principles, 
would be a very great flep in Philofophy, though 
the Caufes of thofe Principles were not yet dif- i 
cover'd : And therefore I fcruple not to propofe 
the Principles of Motion above-mention'd, they 
being of very general Extent, and leave their. 
Caules to be found out. 

Now by the help of thefe Principles, all ma- 
terial Things feem to have been compofed of 

the 
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the hard and folid Particles above-mention'd, 
varioufly aflbciated in the iiril Cceation by the 
-Counfel of an intelligent Agent. For it became 
him who created, them to fet them in order. 
And if he did fo, it's unphilofophical to feek 
for any other Origin of the World, or to pre- 
tend that it might arife out of a Chaos by the 
mere Laws of Nature ; though being once 
form'd, it may continue by thofe Laws for ma- 
ny Ages. For while Comets move in very ex- 
centricij. Orbs in all manner of Pofitions^ blind 
Fate- could never make all the Planets move 
one and the fame way in . Orbs concentrick, 
fome • inconiiderable Irregularities e'xcepted,* 
which may have rifen from the mutual Actions 
of Comets and Planets upon one another, and 
■ which will be apt to increafe, till this Syftem 
wants a Reformation. Such a wonderful Uni- 
formity in the Planetary Syftem muft be allow- 
ed the Effed of Choice. And /o muft the 
Uniformity in the Bodies of Animals, they ha- 
ving generally a right and a left iide Ihaped a- 
like, and on either fide of their Bodies two 
Legs behind, and either two Arms, . or tv^o 
Legs, or two Wings before upon their Shoul- 
ders, and between their Shoulders a Neck run- 
ning down into a Back-bone, and^ Head up- 
on it J and in the Head two Ears, two Eyes, a 
Nofe, • a Mouth, and a Tongue, alike jfituated. 
Alfo the firft Contrivance of thofe very artifi- 
cial Parts of Animals, the Eyes, Ears, Brain, 
Mufcles, Heart, Lungs, Midriff, Glands, La- 
rynx, Hands, Wings, fwimming Bladders, na- 
tural 
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airal Spedacles, and other Organs of Scnfe and 
Motion 5 and the InftinO: of Briites and Infers, 
can be the effed of nothing elfe than the Wif- 
dom and Skill of a powerful ever-liviijg Agent, 
who being in all Places, is more able hy 
his Will to move the Bodies within his bourid- 
lefs uniform Senforium, and thereby to form 
and reform the Parts of the Univerie, than we 
are by our Will to move the Parts of our own 
• Bodies. And yet we are not to conlider.- the 
World as the Body of God, or the feveral Parts 
thereof, as the Parts of God. He is an uni- 
form Being, void of Organs, Members or Parts, 
and they are his Creatures fubordinate to him, 
^d fubfervient to his Will j and he is no more 
the Soul of them, than the Soul of Man is the 
Soul of the Species of Things carried through 
the Organs of Senfe into the place of its Sen-# 
fation, where it perceives them by means of its 
immediate Prefence, .without the Intervention 
of any third thing. The Organs of Scnfe are 
not for enabling the Soul to perceive the Spe- 
cies of Things in. its Senforium, but only for 
conveying them thither j and God has no need 
of fuch Organs, he being every where prefent 
to the Things themfelves. And fmce Space is 
divifible in infinitum, and Matter is hot necef- 
farily in all places, it may be alfo allow'd that 
God is able to create Particles of Matter of fe- 
veral Sizes and Figures, and in feveral Propor- 
tions to Space, and perhaps of different Denfi-J 
pes and Forces, and thereby to vary the Laws 
pf Nature, and. make Worlds of feveral forts- in 

feveral 
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feveral Parts of the Univerfe. At leaft, I fee no- 
thing of Contradidion in all this. 

' As in Mathematicks,. fo in Natural Philofo- 
phy, the Inveftigation of difficult Things by the 
Method of Analyfis, ought ever tp precede the 
Method of Coijipofition. This Analyfis con- 
fifts in making Experiments and Obfervations, 
and in drawing general Gonclufions from them 
by Indud:ion, and admitting of no Objedions 
againft the Conclufions, but fuch as are taken 
from Experiments, or other certain Truths. 
For Hypothefes are not to be regarded in ex- 
perimental Philofophy, And although the ar- 
guing from Experiments and Obfervations by 
Indudion be no Demonftration of general Con- 
cfufions J yet it is the beft way of arguing which 
the Nature of Things admits of, and may be 
.looked upon as fo much the ftronger^ by how 
much the Indudion is more general." And if 
■ no Exception occur from Phaenornena, the Con- 
' clufion may. be pronounced generally. But if 
at any time afterwards any Exception fhall oc- 
cur from lExperiments, it may then, llegin to be 
pronounced with fuch Exceptions as occur. By 
this w^ay of Analyfis we may proceed from Com- 
pounds to Ingredients, and from Motions to the 
Forces producing them 5 and in general, from ^ 
Effeds to their Caufes, and from particular 
Caufds to more general ones, till the Argument 
end in the moft general. This is the Method 
of Analyfis : And the Synthefis confifls in af- 
fuming the Caufes difcover'd, and eftablilh'd 
. as Principles, and by them explaining the Phae- 

nomena 
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noraena proceeding from them, and proving the 
Explanations. 

In the two firft Books of thefe Optlcks, I 
proceeded by this Analylis to difcover and prove 
the original Differences of the Rays of Light in 
refped: of Refrangibility, Reflexibility, and Co- 
lour, and their alternate Fits of eafy Reflexion 
and eafy Tranfmiffion, and the Properties of 
Bodies, both opake and pellucid, on v^^hich 
their Reflexions and Colours depend. A^d 
thefe Difcoveries being proved, may be aflfumed 
in the Method of Compofltion for explaining 
the Phenomena arifmg from them:. An In- 
ftance of v^hich Method I gave in the End of 
the firft Book. In this third Book I have only 
begun the Analyiis of what remains to be dil- 
cover'd about Light and its EfFedts upon the 
Frame of Nature, hinting fcveral things about 
it, and leaving the Hints to be examin'd and 
improv'd by the farther Experiments and Ob~ 
fervations of fuch as -are inquifitive. And if 
natural Philofophy in all its Pa^ts, by purfuing 
this Method, Ihall at length be perfected, the 
Bounds of Moral Philofophy will be alfo enlar- 
ged. For fo far as we can know by natural 
Philofophy what is the firil Caufe, what Power 
he has over us, and what Benefits we . receive • 
from him, fo far our Duty towards him, as well 
as that towards one another, will .appear to us 
•by the Light of Nature. And no doubt,* if the 
Worihip of falfe Gods had not blinded the Hea- 
then, their moral Philoibphy would have gone 
/arther than to the four Cardinal Virtues > and 

inftead 
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inflead of teaching the Tranfmigration of Souls, 
and to worship the Sun and Moon, and dead 
Heroes, they would have taught us to" worfhip 
our true Author and Benefador, as their Ance- 
ftors did under the Government of Noah and his 
Sons before they corrupted themfelves. 
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